Louisiana State University

LSU Digital Commons
LSU Historical Dissertations and Theses

Graduate School

1992

Investigating the Informational Nature of a Modeled Visual
Demonstration.
Britta Gertrud Schoenfelder-zohdi
Louisiana State University and Agricultural & Mechanical College

Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses

Recommended Citation
Schoenfelder-zohdi, Britta Gertrud, "Investigating the Informational Nature of a Modeled Visual
Demonstration." (1992). LSU Historical Dissertations and Theses. 5464.
https://digitalcommons.lsu.edu/gradschool_disstheses/5464

This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It
has been accepted for inclusion in LSU Historical Dissertations and Theses by an authorized administrator of LSU
Digital Commons. For more information, please contact gradetd@lsu.edu.

INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI
films the text directly from the original or copy submitted. Thus, some
thesis and dissertation copies are in typewriter face, while others may
be from any type of computer printer.
The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality
illustrations and photographs, print bleedthrough, substandard margins,
and improper alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete
manuscript and there are missing pages, these will be noted. Also, if
unauthorized copyright material had to be removed, a note will indicate
the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and
continuing from left to right in equal sections with small overlaps. Each
original is also photographed in one exposure and is included in
reduced form at the back of the book.
Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations
appearing in this copy for an additional charge. Contact UMI directly
to order.

U niversity M icrofilm s International
A B ell & H ow ell Inform ation C o m p a n y
3 0 0 North Z e e b R o a d . Ann Arbor, Ml 4 8 1 0 6 - 1 3 4 6 U S A
3 1 3 /7 6 1 - 4 7 0 0
8 0 0 /5 2 1 -0 6 0 0

Order Number 9316996

In v estigatin g th e inform ation al nature o f a m odeled visu al
d em on stration
Schoenfelder-Zohdi, Britta Gertrud, Ph.D.
The Louisiana State University and Agricultural and Mechanical Col., 1992

UMI

300 N. ZeebRd.
Ann Arbor, MI 48106

INVESTIGATING THE INFORMATIONAL NATURE OF A
MODELED VISUAL DEMONSTRATION

A Dissertation
Submitted to the Graduate Faculty of the
Louisiana State University and
Agricultural and Mechanical College
in partial fulfillment of the
requirements for the degree of
Doctor of Philosophy
in
The Department of Kinesiology

by
Britta G. Schoenfelder-Zohdi
Diplom, Deutsche Sporthochschule, Koeln, Germany,
December, 1992

1987

Acknowledgements
I am very grateful to my advisor Dr. R.A. Magi11 who
patiently guided me through this program and always
supported my efforts in becoming a "Motor Behaviorist".
Also many thanks to Dr. B. Sidaway who contributed
considerably with his thoughts and suggestions to this
dissertation and my graduate work at LSU. It has been a
pleasurable learning experience to work and interact with
these professionals.
Many thanks go to the members of my committee/ Dr. A.
Lee, Dr. T. Worthy, Dr. R. Mathews, and Dr. J. Williams
whose thorough reviews added considerably to the content of
this dissertation. I am also very grateful to Nancy
McNevin, not only for being the expert model in my
experiments, but also for being a good friend. For their
never-ending help with computer related problems I want to
thank Sureshkumar Subramanian, Cindy Hadden, Rob Johnson
and the staff at the Systems Network Computer Center. My
appreciation also extends to Dr. M. Solmon for her valuable
help in analyzing the questionnaires, to Tarek Zohdi for
his time and effort in generating the numerous graphs, and
to Gaby Church for her help with statistical analysis. A
special acknowledgement deserves Kellie Hall, who helped me
through the difficult first year of my Ph.D program.
Many thanks to my parents U s e and Lothar Schoenfelder
who supported me with every possible means, and to my
ii

husband's family for providing a home in Baton Rouge and
helping to take care of my child. Last not least, I want to
thank my husband Tarek and daughter Sophia for their
patience and support throughout these exciting four years.

iii

.,Vn*

Table of Contents

page
Acknowledgements

ii

Abstract

vi

Introduction

1

Expermiment 1

7

Method
Subjects
Apparatus
Task
Procedures
Data Analysis
Results and Discussion
Platform Kinematics
Inter Joint Angular Relationships
Joint Angular and Platform Displacement
Experiment 2

7
7
7
9
9
10
11
12
16
19
24

Method
Subjects
Apparatus and Task
Procedures
Data Analysis
Results and Discussion
Movement Outcome Variables
Movement Kinematics
Questionnaire Analysis
Summary and Conclusion
Experiment 3

25
25
25
26
27
28
28
32
47
48
51

Method
Subjects
Apparatus and Task
Procedures
Data Analysis
Results and Discussion
Movement Outcome Variables
Movement Kinematics
Questionnaire Analysis
Summary and Conclusion

52
52
53
53
54
55
55
58
68
69

General Discussion

73

References

79
iv

Appendix A Extended Review of Literature

81

Appendix B Experimental Instructions

174

Appendix C Experimental Questionnaires

177

Appendix D Questionnaire Results

181

Appendix E Means and Standard Deviations

191

Appendix F Additional Graphs

194

Appendix G MANOVA Tables

254

Appendix H ANOVA Tables

257

Appendix I Computer Program

262

Appendix J Description of the Ski Simulator

264

Appendix K Individual Subject Performance

267

Vita

278

V

Abstract
This study investigated the informational nature of a
modeled visual demonstration of slalom-ski type movements
performed on a ski simulator. Hypotheses exist suggesting
that a model may convey information primarily about
movement coordination (Newell, 1985), or movement form
(Whiting, 1988), but there is no empirical evidence that
this information is used by the learner so that skill
acquisition is facilitated.
To investigate this information question, three
experiments were conducted that replicated and extended a
study by Whiting, Bijlard, and den Brinker (1987) by
analyzing movement kinematics of subjects in addition to
movement outcome. In the first experiment, the expert
model's performance was analyzed. The second and third
experiment investigated the acquisition of slalom-ski type
movements for groups that observed the expert model on all
5 days, groups that observed the model only on day 1, and
groups that learned the skill under discovery learning
conditions.
Results of movement outcome variables platform
amplitude and frequency revealed that observing a model was
advantageous over discovery learning. Analysis of movement
kinematics suggested that the expert model may have
conveyed information about the relative motion of torso and
limbs, or movement coordination, that facilitated the

acquisition of the slalom-ski type movements. Results
further suggested that the coordination information the
model may have conveyed was used early in learning, and
that observing a model during later stages of learning was
of no further benefit.

Introduction
An expert model provided prior to practice is a
commonly used means of demonstrating the correct execution
of a movement to a learner. However, the modeling research
literature shows that we know very little about the
beneficial effects of visual demonstrations on skill
learning (McCullagh, Weiss, & Ross, 1989). The main focus
of research interest has been based on how information from
a model is processed and utilized. This is of course an
important question to investigate, but research designed on
the basis of this question does not provide answers about
why modeling benefits learning for some skills (Whiting,
Bijlard, & den Brinker,

1987; Magill & Schoenfelder-Zohdi,

1991), but not for others (Martens, Burwitz, & Zuckerman,
1976) .
Possible answers to this question may be found if
research is directed toward investigating what information
is conveyed by a model (Newell, 1985,1991). The type of
information needed by a learner may differ depending on the
stage of learning and the skill to be acquired. By
understanding what information is conveyed by a model it
might be possible to identify those cases in which a
learner would benefit from the information obtained from a
model and those cases other modes of information would be
more beneficial. Based on findings from visual perception
research (Cutting & Kozlowski, 1977; Cutting, Moore, &
1

Morrison, 1988), a model may convey information primarily
about movement coordination or the relative motion of body
parts (Newell, 1985). Also, Whiting (1988) implied that
providing a model could be helpful in acquiring the
movement form of certain skills.
While hypotheses exist proposing that a visual
demonstration provides information about the relative
motion of body and limbs (Cutting & Kozlowski, 1978), no
empirical evidence exists that this information is used by
the learner to facilitate skill acquisition. The present
study was designed to investigate this information question
to better understand the effects of using visual
demonstrations as an aid for skill acquisition.
The experimental task was a complex cyclical slalomski type movement performed on a ski simulator. This task
was chosen for several reasons. First, it is a complex
skill that is closely related to skills performed in the
"real world" and demands the acquisition of a complex
pattern of coordination. Second, the skill is sufficiently
difficult so it cannot not be acquired by novices in a few
trials from just one observation. This is an important
feature for investigating how information conveyed by a
model affects learning. Third, it has been shown previously
that observing a model is beneficial for the acquisition of
this skill compared to not observing a model, which is an
important prerequisite for this investigation (Whiting et

al., 1987; Den Brinker, Stabler, Whiting, & van Wieringen,
1985; Whiting,

1988).

The ski simulator has been used by a group of
researchers in The Netherlands to investigate a variety of
research interests, some of which are related to the
present study. For example, Whiting, Bijlard, & den Brinker
(1987) investigated the effect of the availability of a
dynamic model on the acquisition of the slalom-ski type
movements required by the ski simulator. Subjects who
observed a dynamic video model during training performed
the movements more fluently than subjects in the discovery
learning group. Further there was also a greater
consistency in frequency. Because the modeling group did
not differ from the control group on the variables
amplitude and frequency, Whiting et al. suggested that
subjects, rather than copying the movements of the model,
picked up the topological movement form of the model, which
may have produced a superior movement fluency. However,
since only the platform movement was analyzed and not the
kinematics of the model's and subjects' body movement,
movement form could not be assessed.
The present study was designed to replicate and extend
the Whiting et al.

(1987) experiment by exploring the

kinematics of the body movement of the model and the
subjects. By analyzing how the movement kinematics
(displacement and velocity) of subjects who observe a model
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change compared to subjects who do not observe a model,
insight can be gained into what information subjects pick
up and utilize from the model that facilitates the learning
of the skill. Furthermore, by comparing the subjects' and
the model's kinematics, it can be determined which
characteristics of the subjects' movements resembled those
of the model which provides an additional means of
determining what information is utilized by watching a
visual demonstration.
Changes in the kinematic characteristics of subjects
learning to make slalom-ski type movements on a ski
simulator have been described for a discovery learning
group in a recently conducted series of experiments by
Vereijken, van Emmerik, Whiting, and Newell (1992). In a
discovery learning condition, subjects are told to perform
slalom-ski type movements with the highest possible
frequency and amplitude, but receive no further learning
aids. The authors proposed their findings were supportive
of Bernstein's (1967) notion of mastering the degrees of
freedom during skill acquisition: early in learning, the
subject is thought to reduce the number of degrees of
freedom to reduce the control problem. The analysis of
changes in angular displacement during learning revealed
small standard deviations of the joint angles and tight
couplings or high cross-correlations between joint angles
early in practice. According to Bernstein, the ban of
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degrees of freedom is released later in learning and these
degrees of freedom are incorporated into a dynamic system
or coordinative structure. Vereijken et al. found overall
decreasing cross-correlations between joints and increasing
standard deviations within joints as indicative of that
process.
However, using cross-correlations as a measure for
couplings between the joints may be misleading. An
underlying assumption for cross-correlations is the
linearity of the data. If this assumption is violated (as
it may be the case when analyzing complex movements where
the kinematic data are likely to be non-linear), the
correlation coefficient does not reflect the real
relationship between two variables and may severely
underestimate it. A more appropriate means of assessing the
relationship between different body angles over the course
of practice is to plot the data as angle-angle diagrams.
Angle-angle diagrams allow an examination of how two angles
change with respect to one another, that is, how the two
angles are coordinated. Furthermore, the consistency of
these changes can be determined to indicate the strength of
the relationship between two angles.
To investigate the informational nature of a modeled
visual demonstration, three experiments were conducted. In
the first experiment, an expert's slalom-ski type movements
performed on the ski simulator were analyzed to assess the

kinematic characteristics of proficient performance.

In the

second and third experiments, this expert was model for the
modeling groups. The control groups engaged in discovery
learning in which no model was presented. Besides the
analysis of the platform movement in terms of amplitude and
frequency, the kinematic characteristics of one
representative subject from each group were examined and
compared to the m o d e l 's kinematics obtained in experiment

Experiment 1
In this experiment, slalom-ski type movements
performed by an expert on the ski simulator were analyzed.
This was necessary to describe expertise for the criterion
skill and to determine the goal of the task in kinematic
terms. Both of these features were important to establish
prior to conducting experiments 2 and 3. In terms of the
actual kinematic characteristics of the movement, the goals
can be expressed in unique relationships between different
joint angles or the change in magnitude of joint angles
over time.
Method
Subject
The subject was a female graduate student who had
considerable experience with the criterion task. She was
also a downhill skiing expert.
Apparatus
The experimental device was a commercially available
Skiers Edge ski simulator, manufactured and distributed by
Scientific Sports Systems, Inc.. It consists of a (25 x 35
cm) platform that rests on a pair of rigid, bowed steel
rods (Figure 1). The platform is attached to the rods with
rubber bands that pull the platform back to its resting
position, in the elevated center of the apparatus, after
being displaced to either side.

7

Figure 1. The Ski Simulator

To allow a three-dimensional analysis of the subjects
performance on the ski simulator, the subject was
videotaped with two video cameras (Panasonic AG 450
Camcorder, Panasonic: Digital 5100 System Camera attached to
a Panasonic AG 7400 Portable Video Cassette Recorder)
mounted to the ceiling of the experimental room about 9 m
away from the ski simulator. The two cameras were
positioned at a right angle. The video tapes were analyzed
with a Peak 3D Motion Measurement System, manufactured by
Peak Performance Technologies, Inc..
Task
The task was to perform slalom-ski type movements on
the ski simulator with the highest possible frequency and
amplitude.
Procedures
Because the Peak 3D Motion Measurement System operates
on brightness contrasts, the expert subject was dressed in
dark clothes and filmed in front of a dark background.
Black elastic bands were attached to the subject's ankles,
knees, hips, shoulders, and head. Nine reflectant markers
were attached to these bands such that they were positioned
at the axis of rotation of the particular joints: on the
lateral malleolus of the left ankle and the right ankle, on
the lateral epicondyle of the left and right knee joint, on
the greater trochanter of the left and right hip joint, on
the head of the humerus for the left and right shoulder

10
joint, and one marker on top of the subject's head. The
elastic bands assured that the reflectant markers stayed in
the same place during the movement. One marker was attached
to the center of the platform.
The expert subject was videotaped for 90 sec
performing slalom-ski type movements on the ski simulator.
To be able to later transform the videotaped points into
coordinates in a real three dimensional space, a
calibration frame with known dimensions was videotaped
before the data collection began. The sampling frequency
was 60 Hz.
Data Analysis
A Peak 3D Motion Measurement System was used for data
processing and coordinate calculations. The videotapes were
encoded and the reflectant balls were digitized for 6 sec
between the 21st and the 26th sec and for 6 sec between the
75th and the 80th sec during the 90 sec interval. These two
samples of performance were used as representative of the
expert1s movement. The raw data were smoothed with a lowpass, fourth order, zero lag Butterworth digital filter
with a cutoff frequency of 6 Hz. Three-dimensional
coordinates for displacement and velocity of the platform
and the joints were derived from the filtered raw data. All
data were calculated in reference to the resting position
of the platform. Mean amplitude was derived by calculating
the average platform displacement in the x-direction for
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each half cycle completed during 6 sec (where one cycle
involves displacing the platform from the zero position to
one side, to the other side, and back to the zero
position). The frequency was calculated in cycles per sec.
Displacement and velocity data for knee and hip angles
on both body sides were obtained by joining two adjacent
reflectors to a line and calculating the angle between
these two

lines. The two sides of the hip angle were

comprised

of the line between the hip and shoulder

thus

reflector and the line between hip and knee reflector. The
two sides

of the knee angle consisted of the line between

the knee and hip reflector and the knee and ankle
reflector. One side of the ankle angle was obtained by
deriving the line between the ankle and knee reflector, the
other side was defined as the x-z plane or platform surface
on which the foot rested.

Results and Discussion
Analysis of the expert's performance is presented
according to the different features of the performance that
were examined. First, the platform movement is described in
terms of movement outcome and movement kinematics. Then the
kinematic relationships between ipsilateral and
contralateral body angles of the expert are presented. To
assess the interaction between expert and ski simulator,
the platform displacement in relation to the angular
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displacement of various joints is described. Because the
expert's performance was very consistent and similar in all
respects during the early and late 6 sec of the 90 sec
trial, only the results of the first 6 sec are presented.
Platform Kinematics
The expert subject displaced the platform with a mean
amplitude of 87.1 cm and a frequency of .92 Hz. These
results are illustrated in the top panel of Figure 2, in
which the platform displacement is shown for the 6 sec
interval. The displacement and the velocity graph (bottom
panel) indicate a fluent, non-jerky movement with a uniform
acceleration and deceleration. A monotonically increasing
or decreasing function like this previously was reported as
characteristic of well-trained subjects performance by den
Brinker and van Hekken (1982) and Whiting et al.

(1987).

In Figure 3, the platform's position versus the rate
of change of that position is presented. The elliptical
shape of the phase plane and the monotonic character of the
velocity graph indicate that the expert applied force to
the platform before the platform was pulled in the opposite
direction by the springs.

If the platform were to be

maximally displaced to the left and allowed to freely
return, the springs on the right side would not just pull
it back to its initial position in the center of the ski
simulator. The platform would be pulled over the middle
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position while the velocity decreases. After it crosses the
equilibrium point, the springs of the left side would
become stretched.

If no force were exerted, the velocity of

the platform eventually became 0 and then negative, because
of the pulling of the springs on the left side. The
evidence provided in Figure 3 indicates that the expert
exerted force when the platform had already passed the
middle position of the simulator but was still moving in
the same direction with a positive velocity. The elliptical
shape of the phase plane further indicates that the expert
exerted the force without interrupting or jerking the
movement, suggesting an efficient use of energy.
These findings suggest that in order to create a
fluent movement, the performer needs to "know" when and
how to apply force to the system, or, more specifically,
when and how to push the platform to the sides of the
apparatus. This subject-apparatus interaction was expressed
by Vereijken, van Emmerik, Whiting, and Newell,

(1992), as

a collective variable that they called "timing of the
forcing". While it is not clear how this variable was
mathematically derived, the evidence provided by the phase
plane in Figure 3 suggests that the expert mastered the
skill by taking advantage of the intrinsic dynamics of the
apparatus and acting on it or reacting to it in an
economic, energy efficient manner. As such, these results
are consistent with views proposing that a high level of
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efficiency is characteristic of skilled performance
(Bernstein, 1967; Newell, 1985).
Inter Joint Angular Relationships
Angle-angle diagrams of all possible pairs of angles
on the ipsilateral and contralateral body side were
developed to examine coordination in the skill. Figure 4
shows examples of relationships between ipsilateral knee
and hip angles and knee and ankle angles. The positive
linear relationship between the right hip and the right
knee angle (top panel) indicates that an increase in one
angle is coupled with a proportional increase in the other
angle while a decrease in one angle is coupled with a
decrease in the other angle. The same positive linear
relationship was found for the left knee and left hip
angle. The other ipsilateral angles examined for the
subject shared the same general, piece wise linear
relationship. For example, see the relationship between the
right ankle angle and right knee angle in the bottom
panel of Figure 4.
An example of contralateral angle pairs is presented
in Figure 5. The pattern of the graph of the left knee
versus the right knee in the top panel is representative of
the contralateral angle relationships examined for the
subject. The angle-angle diagram describes four distinct
regions, each demonstrating distinct kinematic
relationships between the left and right knee angle.
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The bottom panel of Figure 5 shows the relationship
between the right knee angle and the left hip angle. This
relationship is similar to the relationship between the
left and right knee, but more variable from cycle to cycle.
Joint Angular Displacement and Platform Displacement
To assess the interaction between the motion of the
subject and the platform, the displacement of body angles
was plotted against the displacement of the platform
(Figure 6). The top panel in Figure 6 shows a positive
linear relationship between the right ankle angle and the
platform displacement. The relationship is the same
whether the platform is displaced to the left or right
side. The abrupt change from a decrease to an increase of
the right ankle angle seems to be the result of force
exertion of the leg muscles to the platform. Note that it
does not occur exactly at the middle position. When the
platform comes from the left, the change occurs after the
platform has passed the middle position to the right. When
the platform comes from the right, the change occurs after
the platform has passed the middle position to the left.
This finding adds further support to the point discussed
earlier that the expert consistently waits until the
platform has passed the middle position and then exerts
force to push the platform to the side. Hence, the expert
interacts with the ski simulator in a way that takes
advantage of the intrinsic dynamics of the system.
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Figure 6. Angular displacement of the right ankle angle
(top panel), the left knee angle (middle panel),
and the left hip angle (bottom panel) versus
platform displacement for the expert.

Angular displacement of the left knee is plotted
against linear displacement of the platform in the middle
panel in Figure 6. The relationship between angular
displacement of the left hip and the platform (bottom of
Figure 6) is very similar to the relationship between the
left knee and the platform. A notable difference is that
there seems to be more variation in hip movement than in
knee movement.
A possible explanation for this finding may lie in the
nature of subject/apparatus coupling. The human body can be
thought of as a kinematic chain. If a part of this chain is
displaced from its equilibrium position through active or
reactive forces, the whole movement apparatus will be
effected. The area of force exchange is the small and rigid
platform that does not allow the feet to go through a great
range of motion. Therefore the angle closest to the
apparatus (the ankle angle) has the least degrees of
freedom and is directly affected by the platform
displacement (Figure 6, top panel). The knees are also
affected by the constraint that is put on the feet but have
more freedom to move (Figure 6, middle panel). The hips
seem to be least affected by the constraint of the ankle
joint (Figure 6, bottom). While there is still a close
relationship between angular displacement of the hip joint
and displacement of the platform, it seems to be more

22
variable than the relationship between ankle or knee angles
and platform displacement.
In examining the process of discovery learning of
slalom-ski type movements on the ski-simulator, Vereijken
et al.

(1992) investigated Bernstein's (1967) notion that

over the course of learning, a "freeing" of degrees of
freedom takes place, where the learner organizes the
released degrees of freedom into a dynamic, controllable
system. An increase in angular movement in all joint angles
of the lower limbs and torso, and a decreasing relationship
between joint angles over practice was presented as
evidence. If beginners demonstrate those effects after only
a few days of practice, it is reasonable to expect that an
expert would show evidence of a high range of angular
movement and weak relationships between joint angles.
However, although results for the expert in the present
experiment showed a high range of angular movement, very
consistent and tight couplings between body angles were
found.
Thus, the findings of the present study offer an
alternative view to the one proposed by Vereijken et al.
First, a high range of angular movement may not necessarily
indicate a release of degrees of freedom. The expert is
able to displace the platform to the extremes on the right
and left side, during which the ankle, knee, and hip
angular displacement is relatively tightly coupled with
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platform displacement. This suggests that a large platform
displacement can only be achieved by increasing the range
of angular motion. Second, as was discussed in the
introduction, cross-correlations as performed by Vereijken
et al.

(1992) may not be appropriate to assess non-linear

relationships between joint angles. Evidence for this
problem was provided in the present experiment as the
cross-correlation between the right knee and the left knee
was very low (r= -.20), while the angle-angle diagram
(Figure 5, top panel) showed a very consistent, tight
coupling between the angular displacement of the two
joints. Expertise for this task is therefore not
characterized by an increase in degrees of freedom which
would be shown by more variable relationships between body
angles. The results show that an expert can increase the
range of motion within a particular degree of freedom,
which becomes evident in a very large platform
displacement. The relationship between joints and between
joints and platform displacement on the other hand are very
unique and consistent across cycles, as was seen in Figure
4 to 6.

Experiment 2
Several researchers have proposed that a model may
convey information about movement coordination or form
(Newell, 1985; Magill & Schoenfelder-Zohdi, 1992). For
example, in an experiment by Whiting et al.(1987), subjects
that had the benefit of a dynamic model during practice
were able to displace the platform of a ski simulator more
fluently than subjects that did not see a model. Whiting
suggested that movement form may be positively related to a
fluent platform displacement and that therefore the model
may have conveyed information related to the form of the
movement. However, this hypothesis could not be tested
because only the platform movement was examined.
The second experiment was designed to replicate and
extend the Whiting et al.

(1987) experiment. The primary

purpose was to investigate if movement coordination
information is conveyed by an expert model such that
acquiring slalom-ski type movements may be facilitated. To
achieve this purpose, movement outcome was analyzed in
terms of platform amplitude and frequency, thereby
replicating the Whiting et al. (1987) experiment.
Additionally, to extend their study, the kinematics of the
subjects were analyzed and compared to the kinematics of
the expert model in experiment 1. If skill acquisition is
facilitated for subjects who observe a model compared to
those who do not, and if subjects who observe a model show
24
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kinematic patterns similar to the model while no-model
subjects do not, then it may be concluded that a model
conveys information about the relative movement of limbs
and torso in relation to one another and in relation to the
platform of the ski simulator.
Method
Subjects
Ten female undergraduate students were randomly
assigned to two groups (n=5). The subjects were selected on
the basis of having never downhill skied and having no
acquaintance with the ski simulator. To eliminate
confounding effects of weight (den Brinker & van Hekken,
1982), only subjects that weighed between 52 kg and 66 kg
(which was the expert model's weight +/- 7 kg) were allowed
to participate.
Apparatus and Task
The ski simulator, video cameras, and motion analysis
system were identical to those used in experiment 1. In
addition, a Mitsubishi Video Cassette Recorder (model HSU31) and a Sony Trinitron Color Television (model KV
27TS20) were used to show the videotaped modeled
demonstrations. A Lafayette Instrument metronome (model
15019) prescribed the criterion frequency.
The task was to maximally displace the platform of the
ski simulator to either side by performing slalom-ski type
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movements to the sound of the metronome. The prescribed
frequency was the model's frequency of .92 Hz.
Procedures
Upon arriving at the testing site, subjects were
prepared with dark clothes and reflectant balls in the same
way the expert model was prepared in Experiment 1. Subjects
then signed a consent form and read the instructions. The
instructions informed the subjects only about experimental
procedures and the goal of the movement, not how this goal
should be achieved. Subjects in the modeling group watched
the videotaped demonstration of the expert for 90 sec.
Subjects in the discovery learning group watched the blank
screen for 90 sec.
Subjects were then asked to step on the ski simulator
and to practice the skill for 90 sec to the sound of the
metronome. The sequence of observing the model or the blank
screen and practice was repeated 6 times during one
practice session. Subjects were tested on 3 consecutive
days. One session took about 40 min. At the start of days 2
and 3, subjects performed a 90 sec retention test. Subjects
were videotaped with two video cameras during each entire
session. After every session, subjects were asked to fill
out a questionnaire in which subjects were asked what
aspect of the skill they were paying attention to during
practice and what aspect they had trouble with. Subjects
who had observed a model were also asked what they were
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paying attention to when they watched the model and if they
thought watching the model had helped them to learn the
skill.
Data Analysis
The videotapes were processed as in Experiment 1. For
each day, a sample of 6 sec was analyzed for 4 trials
between the twentieth and fortieth second. On day 1, trials
1,2,5, and 6 were analyzed and on day 2 and day 3 trials
1,2,5 and 7 were analyzed. The data for platform
displacement were obtained for each subject. Amplitude and
frequency were derived from the displacement data of the
platform.
Data on movement kinematics were obtained for one
subject in each group. The subjects were the median
subjects in terms of frequency on the last practice trial.
The procedure of deriving linear and angular displacement
and velocity data was identical to that used in Experiment
1.
The questionnaires were analyzed using inductive
analysis. Meaningful categories for each question were
derived based on the subject's answers. Then the frequency
of statements subjects in the modeling versus the discovery
learning group made in a particular category was recorded
and tallied with respect to days by two independent raters.
A decision log was kept and disagreements were discussed
and reconciled.
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Results and Discussion
In the first part of this section, the analysis of
movement outcome in terms of platform amplitude and
frequency for the two groups is presented. Thereafter, the
movement kinematics of one representative subject in each
group are examined and related to the kinematics of the
expert model. Lastly, the data obtained from the subject's
responses to the questionnaires are presented.
Movement Outcome Variables
Movement outcome is presented for the two groups in
terms of platform amplitude and platform frequency in
Figure 7. The two movement outcome measures were analyzed
with a 2 (Groups) x 3 (Days) x 12 (Trials) MANOVA with
repeated measures on the last two factors. The reported F
value is the Hotelling-Lawley Trace F value.
Results revealed a significant main effect for Group,
F (2,7) = 6.37, p = .0266, indicating that overall,
subjects who observed a model performed better than
subjects who did not see the model. The main effect for Day
was also significant, F (4,28) = 26.43, p = .0001. A
significant main effect was also found for Trials, F
(22,140) = 20.01, p = .0001. No significant Group by Day
interaction, F (4,28) = .71, p=.59, and no significant
Group by Trials interaction was found, F (22,140) = 1.15, p
= .29.
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modeling and the discovery learning group during
the 3 days of acquisition (4 trials per day) .
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To follow up on the MANOVA results, two 2 (Groups) x 3
(Days) x 12 (Trials) ANOVAs with repeated measures on the
last two factors were computed on each of the two dependent
variables amplitude and frequency. For amplitude, the ANOVA
revealed a significant effect for Trials, F (11,8) = 40.20,
p = .0001, and for Days F (2,8) = 59.38, p = .0001, but not
for Groups, F (1,8) = .87, p = .38. Both the Groups by
Trials interaction, F (11,8) = .29, p = .99, and the Groups
by Days interaction F (2,8) = .06, p = .94, were not
significant.
An inspection of the performance of each individual
subject in the two groups revealed that the discovery
learning group contained two outlier subjects in terms of
platform amplitude. The great between subject variability
in the discovery learning group is illustrated in Table 1,
showing the means and standard deviations for platform
amplitude. When the follow-up ANOVA was computed without
these two outliers, significant differences between the two
groups were found. However, because the group consisted of
only 5 subjects, 40 % of the data would have been
eliminated if the two outliers would have been removed.
Therefore, the data from these 2 subjects were retained.
For frequency, the ANOVA results revealed a
significant main effect for Groups, F (1,8) = 7.47, p =
.0257, indicating that the modeling group moved the
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Table 1
MEAN PLATFORM AMPLITUDE FOR THE MODELING AND THE
DISCOVERY LEARNING GROUP (EXPERIMENT 2)

AMPLITUDE (MM)
MODELING GROUP

DISC. LEARN. GROUP

JAY TRIAL

MEAN

SD

MEAN

SD

1
1
1
1
2
2
2
2
3
3
3
3

212.78
293.04
445.16
463.49
488.26
471.25
560.54
556.38
574.21
551.08
636.17
589.59

126.46
158.74
129.45
112.22
132.44
134.58
93.57
98.85
105.21
102.22
103.62
129.37

96.15
179.06
336.76
350.67
358.11
380.37
470.31
477.55
458.54
464.82
498.52
523.99

52.03
144.76
280.74
276.83
262.69
254.17
274.42
271.26
243.29
216.40
240.70
240.39

1
2
3
4
5 (R)
6
7
8
9(R)
10
11
12
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platform with a significantly higher mean frequency than
the discovery learning group. The Trials effect F (11,8) =
.93, p = .52, the Days effect F (2,8) = .22, p =

.8, the

Groups by Days interaction F (2,8) = 1.60, p = .23, and the
Groups by Trials interaction F (11,8)= 1.19, p = .30, were
not significant.
Inspection of the mean amplitude and frequency of the
modeling group for the last trial on the first two days
(trials 4 and 8 in Figure 7) and the two retention trials,
(the first trial on days 2 and 3, which are trials 5 and 9
in Figure 7) shows that subjects were able to perform the
movement without previously viewing the model. Mean
amplitude and frequency on the retention test was the same
or even higher than on the last trial of the previous day.
Movement Kinematics
Kinematics of platform and body movement were obtained
for one subject in each group. One representative trial on
each day was selected for presentation here: trial 1 for
day 1 was chosen to show the starting point of the two
subjects, and trial 5 for day 3 was selected because the
subjects showed the best performance on that trial on that
day. To document the kinematic changes during the
experiment, results for selected variables are graphically
presented and discussed.
Platform Kinematics. Platform displacement and
velocity are plotted for the modeling subject and the
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discovery learning subject in Figure 8 for day 1 and in
Figure 9 for day 3. After just one observation of the
expert model, the modeling subject was able to displace the
platform with a relatively consistent amplitude of about 40
cm. The discovery learning subject on the other hand
displaced the platform with varying amplitudes of about 12
cm on the first trial on the first day. The modeling
subject's velocity graph comes close to a saw-tooth
function, indicating a relatively fluent movement with an
almost uniform acceleration and deceleration. The velocity
curve of the discovery learning subject indicates a jerky
motion with frequent small accelerations and decelerations.
On day 3, displacement and velocity characteristics of
the modeling subject were virtually identical to those of
the expert model (Figure 2, Experiment 1). The subject
displaced the platform with about the same amplitude as the
expert model, although with a lower frequency. The
discovery learning subject displaced the platform with a
larger amplitude on the third day of practice, and a
specific pattern in the velocity graph emerged. The jerky
motion disappeared somewhat and the subject seemed to try
another strategy, which is revealed by each velocity peak
being flanked by a smaller peak on each side. This
indicates that after having displaced the platform to its
maximum on one side (where the velocity is zero), the
platform was pulled back by the springs. However, the
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subject interrupted the platform movement by actually
reversing it and then jerking it in the original direction.
The application of force therefore occurred before the
platform passed the middle position.
A comparative examination of the phase plane of the
platform for the expert, the discovery learning subject,
and the modeling subject also revealed distinctly different
characteristics (see Figure 10). On day 3, the phase plane
of the modeling subject is almost identical to the phase
plane of the expert model. This indicates that the modeling
subject took advantage of the systems dynamics by using the
spring forces to ride the platform over the middle position
to the other side and then applying force in the same
direction the platform was travelling. This resulted in a
fluent and efficient movement. However, the discovery
learning subject wasted energy, working against the
platform by consistently pushing it in the opposite
direction it was pulled by the springs. Furthermore, the
discovery learning subject exerted force before the
platform had passed the middle position.
This relationship between the platform movement and
the exertion of force to the platform, termed phase lag by
Whiting and Vereijken (1992), is considered to be a
critical feature of successful performance on the ski
simulator.

Whiting and Vereijken (1992) found that early

in learning, discovery learning subjects exerted force to
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the platform before the platform had passed the middle
position of the apparatus, whereas after considerable
practice (7 days), subjects exerted force after the
platform had passed the middle position. This strategy
allowed subjects to make use of the elastic forces of the
spring, which enabled them to save energy by riding the
system as long as possible.
What is notable in the present experiment is that the
modeling subject after just one observation of the expert
model was able to displace the platform almost as smoothly
and fluently as the model. The subject in the discovery
learning group was still in an early stage of learning on
the third day of practice, characterized by not using the
kinematics of the apparatus to her advantage. It therefore
seems that the model conveyed critical information about
the coordination of the body and the apparatus that
facilitated the acquisition of the skill.
The present findings reveal yet another beneficial
effect of observing a model: Newell (1985) proposed that
movement efficiency may not solely be achieved by an
optimal parameterization of the coordination function later
in learning but rather, may be an a priori organizing
principle of coordination and control. The present results
lend support to this hypothesis by showing that efficiency
depends on the coordination between the timing of force
exertion in relation to platform displacement and the way
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the force is exerted. Apparently, this information was
conveyed by the model and used by the subject very early in
learning. Once this relationship was learned, the subject
started to work on the parameterization of the movement by
assigning increasing values to the force parameter, which
increased the amplitude of the platform displacement during
the course of practice.
Joint Angular Relationships. In general, the modeling
subjects showed characteristic joint relationships very
similar to the joint relationships of the expert model by
day 3. Joint angular relationships of the discovery
learning subject were mostly random early in learning. By
day 3, patterns had started to emerge but they did not yet
resemble those of the expert m o d e l .
An example of evidence showing this general result can
be seen by looking at the ipsilateral relationship of the
right knee and right hip (Figure 11). After just one
observation of the expert model, the modeling subject
showed a tendency to organize the coordination between the
right knee and the right hip linearly. On day 2 a
consistent positive linear relationship emerged between the
two angles that was very similar to the expert's
relationship between the right knee and the right hip
angle. By day 3, the range of motion for the right knee had
increased from 44 deg to 61 deg.
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For the discovery learning subject the relationship
between the right knee angle and the right hip angle was
completely random on days 1 and 2. On day 3, some kind of
organization started to emerge but it did not come close to
that of the modeling subject or expert model.
An example of a contralateral angle relationship can
be seen in the relationship between the left and the right
knees (Figure 12). For the modeling subject, no clear
pattern was established after the first observation
of the expert model on day 1. On day 2, a mostly negative
linear relationship between the left and the right knee had
emerged and on day 3, the characteristic figure 'eightshape' of the expert model's graph (see Figure 5, Exp. 1)
started to develop. In contrast, the relationship between
the right and left knee of the discovery learning subject
was unorganized on day 1 and changed little on days 2 and
3.
These two ipsilateral and contralateral angular
relationships are typical examples of how other
relationships were influenced by observing or not observing
a model. Thus, these limb angle relationship effects
suggest that the expert model may have conveyed information
that facilitated the acquisition of coordination of
ipsilateral and contralateral body angles. The facilitating
effect was stronger for ipsilateral body angles that shared
a linear relationship.
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Joint Angular Displacement and Platform Displacement.
Examination of the angular displacement of ankle, knee, and
hip in relation to platform displacement suggested that the
model also may have conveyed information that facilitated
the acquisition of the coordination between angular
displacement and platform displacement. This finding is
illustrated for the right ankle angle (Figure 13), right
knee angle (Figure 14), and right hip angle (Figure 15).
It appears that the modeling subject by day 2
developed a coordination pattern between the ankle, knee,
and hip angular displacement and platform displacement
similar to the expert model (see Figure 6, experiment 1).
For example, the modeling subject interacted with the
platform in a similar way as the expert model by taking
advantage of the system's dynamics on the second day of
practice. The abrupt change in size of the ankle angle
indicates that the modeling subject consistently waited
till the platform had passed the middle point of the ski
simulator before applying force to drive the platform to
the side.
In contrast, the discovery learning subject had not
established clear coordination patterns between the
different joint angles and the platform displacement after
two days of practice. On the third day of practice, some
patterns started to emerge, but they were far from being
close to the patterns obtained for the expert model.
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The coordination between the ankle, knee, and hip
angular displacements and platform displacement of the
modeling subject and the expert model suggest that
observing an expert model facilitated the acquisition of
performing slalom-ski type movements on the ski simulator.
The similarities between kinematic patterns of the modeling
subject and the expert model indicate that information
about the coordination between the body and the platform
may have been conveyed and utilized by the subject.
Questionnaire Analysis
From the frequency count of answers given in response
to the question about what subjects were paying attention
to during practice, it appeared that the focus of attention
was quite different in the two groups. Subjects in the
modeling group most frequently paid attention to the
coordination between lower and upper body. Subjects in the
discovery learning group most frequently paid attention to
balance and platform amplitude. Both groups reported paying
attention to the platform frequency, and especially the
foot movement. The different groups seemed to have the same
troubles during practice, i.e.,balance, platform amplitude,
and frequency.
Subjects who observed a model indicated to have
focused primarily on the model's feet and knees. Further
subjects reported focusing on the coordination between the
lower and upper body, coordination between knees and feet,
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and hip, knees and feet. Subjects who watched a model most
frequently answered that the model was helpful and that
without the model, they would not have known how to move
the platform.

Subjects also indicated that the model

demonstrated to them how to coordinate the upper and lower
body. On the last day, some subjects thought that the model
was no longer helpful in learning the skill.

Summary and Conclusion
The comparison of slalom-ski type movements for a
discovery learning group and a group that observed an
expert model during practice, revealed that observing an
expert model in combination with practice was advantageous
over merely practicing the task with no further
instructions. Evidence for this advantage was demonstrated
by superior frequency and amplitude of platform movement,
achieved by a different strategy employed in solving the
movement problem. The primary goal of the modeling group
seemed to have been the achievement of a large amplitude.
Subjects consistently increased the amplitude while keeping
the (low) frequency relatively constant.

In contrast, the

discovery learning group tried to improve both amplitude
and frequency at the same time. Results obtained from the
questionnaire supported this finding. Discovery learning
subjects answered that they had paid most attention to
platform amplitude and frequency during practice.
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One interpretation of these findings follows Whiting's
(1988) view of the modeling benefit, i.e., the model
provided topological information about the relative
movement of limbs, torso, and platform that helped the
subjects acquire the appropriate coordination of the
movement. Subjects who observed the model seem to have
given priority to the acquisition of movement coordination
and thus amplitude, over the acquisition of the appropriate
frequency, even though the frequency was prescribed during
the practice trials. The results from the questionnaire
provided additional evidence for this interpretation:
subjects in the modeling group indicated that they focused
on the movement coordination while observing the model and
paid most attention to the coordination of upper and lower
body during practice.
The kinematic analysis revealed that for the modeling
subject, coordinative relationships began to emerge after
only one observation of the expert m o d e l . An initial
freezing of degrees of freedom followed by a release of
degrees of freedom later in learning as expected by
Vereijken et al.

(1992) was not observed. The present

findings suggest that the expert model conveyed information
that enabled the learner to start out at a higher level in
the learning process, a level beyond the stage where the
number of degrees of freedom are reduced to facilitate
their integration and control.
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The predominantly unorganized relationships between
joint angles and between joint angles and platform
displacement, found for the discovery learning subject,
suggests that the discovery learning subject started out at
an earlier stage of learning, where the number of degrees
of freedom is thought to be reduced to a controllable size.
In order to solve the movement problem, it is possible
that, at first, the discovery learning subject tried to
find out which degrees of freedom to freeze and which to
work with. This search may be reflected in the random
relationships between the different variables. The
beginning organization of relationships between body angles
and the platform later in learning on the third day of
practice, may indicate that certain degrees of freedom were
frozen to reduce the problem of having to control such a
large number of degrees of freedom. Providing subjects with
an expert model on the other hand, focused the search for
the appropriate degrees of freedom and allowed the subjects
to start out at a more advanced stage of learning.

Experiment 3
The kinematic differences between discovery learning
and modeling subjects in Experiment 2 suggested that the
model may have conveyed information about the coordination
of torso and limbs and about the interaction of the body
motion and platform displacement, that facilitated the
acquisition of slalom-ski type movements on the ski
simulator. However, it is possible that the model's
information merely served to facilitate getting the idea of
the movement and understanding what to do to displace the
platform. During practice in later trials, the constraints
imposed by the apparatus may have primarily contributed to
the acquisition of the skill rather than the information
obtained from the modeled visual demonstration.

It is

therefore not clear whether a modeled visual demonstration
of the experimental task had a facilitating effect that
speeded the initial acquisition of the task or whether the
model conveyed specific information about movement
coordination that enabled subjects to learn the skill to a
higher degree than would be possible without the visual
demonstration.
Thus, one purpose of Experiment 3 was to investigate
whether information conveyed by the model or the
constraints imposed by the ski simulator primarily
contributed to the acquisition of the skill after subjects
had an idea of the movement from some initial modeled
51
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demonstrations. To address this question, a third group
that observed the model only on the first day was added to
the two groups involved in Experiment 2.
Another important question raised by the results of
Experiment 2 was whether subjects, when provided with
sufficient practice, could eventually learn this skill
through practice only, without the help of a model
(Vereijken et a l ., 1992). This may be possible because of
the constraints the platform imposes on the performer:

if

given enough practice time, the appropriate coordination
pattern may eventually be discovered.
The question of whether subjects can eventually learn
the movement without the model to the same performance
level in terms of movement outcome and movement kinematics
as the modeling group or whether additional information
from the model is needed to learn the skill could not be
answered in Experiment 2 because subjects had only 3 days
of practice. Therefore, Experiment 2 was replicated and
extended by giving subjects two additional days of
p r actice.
Method
Subjects
Fifteen female undergraduate students who had never
downhill skied before and who had no experience with the
ski simulator were randomly assigned to 3 groups

(n=5). To

avoid confounding effects of weight (den Brinker & van
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Hekken, 1982), only subjects weighing +/- 7 kg of the
expert model's weight of 59 kg were tested.
Apparatus and Task
The apparatus and equipment used was the same as in
Experiments 1 and

2. The task to maximally displace the

platform of the ski simulator

to either sideby performing

slalom-ski type movements to the sound of a metronome set
at a frequency of

.92 Hz (the expert model's frequency) was

also identical to

the task in experiment 2.

Procedures
Subjects were prepared with dark clothes and
reflectant markers as in Experiments 1 and 2. Subjects
signed a consent form and read the instructions which
informed them only about experimental procedures. For the
subjects, the procedure was identical to the procedure used
in Experiment 2, that is, they were told that they were
videotaped throughout the experiment. However, subjects
were really videotaped 90 sec during the first (pretest)
and last trial (posttest) each day. The number of trials to
analyze was reduced to 2 per day per subject to reduce the
increased amount of data which resulted from adding 5
subjects and 2 additional days. Between the pre- and the
post-test, subjects performed 5 practice trials of 90 sec
each. Thus, subjects had a total of 7 trials a day as in
Experiment 2. During all trials, the goal frequency of .92
Hz was prescribed by a metronome. To avoid the outlier
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problems encountered in Experiment 2, subjects who were
able to displace the platform further than 20 cm on the
pretest on day 1 were not used. In the present study, one
subject exceeded this threshold and was eliminated from the
study.
Subjects were tested on five days. On day 1, the
modeling - 1 day and the modeling - 5 days group observed a
90 sec video recording of an expert performing the skill
between practice trials. From day 2 on the treatment for
the two groups differed. The modeling - 5 days group
continued to observe the demonstration between practice
trials whereas the modeling - 1 day group did not see any
more demonstrations and rested during the intertrial
intervals of 90 sec. The third group was a discovery
learning group as in Experiment 2, practicing without any
instructions. After every session, subjects filled out a
questionnaire asking the same questions as in Experiment 2.
Data Analysis
The data were processed and analyzed as in Experiment
2. Six sec of the pretest and 6 sec and posttest taken
between the twentieth and the fortieth second were analyzed
for each day, yielding a total of ten 6 sec trials for each
subject. Movement outcome was assessed for every subject by
analyzing the platform amplitude and frequency. Kinematics
were analyzed for the posttest on days 1, 3, and 5 for one
representative subject in each group. These subjects were

55
picked on the basis of being the median subjects in their
group for amplitude on the last trial (the posttest on day
5). The subjects were not picked on the basis of being the
median subjects in their group for frequency as in
Experiment 2 because results from Experiment 2 showed that
amplitude is a better indicator of how well the skill was
learned. The kinematic relationships between joint angles
and between joint angles and platform displacement were
examined by comparing the results to the expe r t 's
kinematics and by examining possible differences between
the three subjects. The questionnaires were analyzed using
the same method as in Experiment 2.

Results and Discussion
In this following section, movement outcome, expressed
by the variables amplitude and frequency of the platform,
will be presented first. Then the movement kinematics of
one representative subject in each of the three groups will
be compared and related to the expert m o d e l 's kinematics
obtained in experiment 1. Finally, the results of the
analysis of the questionnaires will be presented.
Movement Outcome Variables
Mean platform amplitude and platform frequency for the
three groups are presented in Figure 16. A 3 (Groups) x 5
(Days) x 10 (Trials) MANOVA with repeated measures on the
last two factors on the two dependent variables platform
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Figure 16. Mean platform amplitude (top panel) and mean
platform frequency (bottom panel) for the
modeling - 5, modeling - 1, and the discovery
learning group during the 5 days of acquisition
(pre-and post-test each d a y ) .

amplitude and frequency revealed a significant main effect
for Group, F (4,20) = 7.88, p = .0006, a significant main
effect for Days F (8,92) = 37.44, p = .0001 and a
significant main effect for Trials F (18,116) = 41.13, p =
.0001. The Group x Trial interaction, F (36,116) = 2.51, p
= .0001 was significant, however, the Group x Day
interaction, F (16,92) = 1.38, p = .17 was not significant.
The reported F value is the Hotelling-Lawley Trace F value.
A 3 (Groups) x 5 (Days) x 10 (Trials) follow-up ANOVA
on the dependent measure amplitude revealed a significant
main effect for Groups, F (2,12) = 16.01, p = .0004.
Student-Newman-Keuls follow-up analysis indicated that the
modeling - 1 and the modeling - 5 group both were
significantly different from the discovery learning group
but did not differ from each other. The main effect for
Days F (4,12) = 51.66, p = .0001 was also significant.
Furthermore, a significant main effect for Trials was found
F (9,12) = 84.13, p = .0001, indicating a significant
increase in platform amplitude over trials. The interaction
of Groups x Days, F (8,12) = 1.26, p = ,28, failed to reach
significance. The interaction of Groups x Trials was
significant, F (18,12) = 5.52, p = .0001. This interaction
seems to be due to the different ways platform amplitude
increased in the 3 groups, which can be seen in the top
panel of Figure 15. A very large increase of about 45 cm in
platform amplitude happened between the first and the last
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trial on day 1 in the modeling - 1 and the modeling - 5
group, followed by only a slight increase over the
remaining four days of practice of about 15 cm. The
discovery learning group on the other hand shows a small
and steady mean increase in platform amplitude from day to
day. However, the between subject variability for amplitude
in the discovery learning group was relatively high. This
is illustrated in Table 2 by the large standard deviations,
especially for the later trials.
A 3 (Groups) x 5 (Days) x 10 (Trials) follow-up ANOVA
on the dependent variable frequency did not reveal any
significant main effects (Groups, F (2,12) = 2.81, p = .09,
Trials, F (9,12) = .1.43, p = .2, Days, F (4,12) = 1.03, p
= .4), or interactions (Groups x Days, F (8,12) = .78, p =
.62, Groups x Trials, F (18,12) = .76, p=.74), although
Figure 15 (bottom panel) shows that the modeling - 1 and
the modeling - 5 group consistently displaced the platform
with a frequency closer to the goal frequency of .92 Hz
than the discovery learning

group.

Movement Kinematics
Platform Kinematics. In Figure 17, platform
displacement and velocity are plotted for the model - 5
subject, the model - 1 subject and the discovery learning
subject for day 1 and in Figure 18 for day 5. After the
first day of practice and after having observed the model
six times, the performances of the model - 5 and the
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Table 2
MEAN PLATFORM AMPLITUDE FOR THE MODELING-1, MODELING-5, AND
THE DISCOVERY LEARNING GROUP (EXPERIMENT 3)

AMPLITUDE (MM)
MODELING-1
)AY TRIAL
1
1
2
2
3
3
4
4
5
5

1
2
3
4
5
6
7
8
9
10

MODELING-5

DISC. LEARN
MEAN

MEAN

SD

MEAN

SD

135.48
589.3
528.78
629.72
642.48
629.96
652.18
660.58
637.0
681.26

57.41
85.78
64.28
49.23
55.99
50.22
71.6
64.64
77.17
84.83

111.2
547.12
527.62
571.3
566.44
641.0
594.92
619.68
609.78
622.94

27.82
132.02
111.70
66 .01
113.47
92.24
102.69
97 .79
91.96
79.83

94.22
180.46
195.62
288.4
254.74
311.0
305.52
369.9
371.06
388.24

SD
74.27
81.89
90.11
126 .74
104.11
187.69
176.39
202.91
198.93
238.96
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Figure 17. Platform displacement and platform velocity
during the posttest on day 1 for the modeling
- 5 subject, the modeling - 1 subject and the
discovery learning subject (note different
scales).
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during the posttest on day 5 for the modeling
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model - 1 subject were very similar. Both subjects
displaced the platform with a consistent amplitude of about
56 cm, and both subjects reached a peak velocity of over
180 cm/sec. The velocity curves indicate a fluent motion
with a relatively uniform acceleration and deceleration,
closely resembling a saw-tooth function. Both amplitude and
velocity plots look very similar to the expert model's
plots (Experiment 1, Figure 1). In contrast, the discovery
learning subject displaced the platform with varying
amplitudes of about 7 to 15 cm, and reached a peak velocity
of only 54.4 cm/sec. The velocity curve indicates freguent
small accelerations and decelerations of the platform,
resulting in a jiggling, non-smooth motion.
By day 5, displacement and velocity for the modeling 5 and the modeling - 1 subjects are very similar and look
much like the expert model's graphs (see Experiment 1,
Figure 1). This similarity is important because the model 5 continued to observe the model six times every day
whereas the model - 1 subject did not watch the model after
day 1. Yet, both subjects reached large amplitudes of over
70 cm with high velocities of over 200 cm/sec. It is also
important to note that after 5 days of practice, the
discovery learning subject also shows a fluent and
relatively consistent platform displacement with a velocity
curve that resembles a saw-tooth function. The only
remaining difference is a smaller platform amplitude with a
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slower velocity compared to the modeling - 5 and the
modeling - 1 subject.
Joint Angular Relationships. Typical examples of
angular relationships are presented in Figure 19, showing
the ipsilateral relationship between the left knee and the
left hip and in Figure 20, showing the contralateral
relationship between the right knee and the left knee.
Overall, the modeling - 5 and the modeling - 1 subject
developed relatively similar characteristic relationships
between the different body angles by the last trial on day
1. Over practice, the relationships became more consistent
and the angle-angle diagrams looked very much like the
expert model's angle-angle diagrams (see experiment 1) by
the last trial on day 3. From days 3 to 5, no major changes
were observed in patterns, but the range of motion within
particular body angles had further increased.
In both figures, the discovery learning subject showed
rather random patterns on the last trial on day 1. By day
3, the patterns became more consistent but did not quite
look as similar to the expert model's graphs as the
patterns of the modeling - 5 and the modeling - 1 subject.
By the last trial on day 5, the discovery learning subject
had developed similar angular relationships as the expert
model and the modeling - 5 and the modeling - 1 subject,
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Figure 19. Angle-angle diagrams of the left knee and left
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only the range of motion within the most body angles was
still smaller than the expert model's range of motion.
Joint Angular Displacement and Platform Displacement.
The development of relationships between different body
angles and platform displacement was very similar to the
development of angular relationships for all three subjects
described above. The relationship between the right ankle
angle and platform displacement shown in Figure 21 is a
representative example for other relationships between body
angles and platform displacement. After having observed the
model six times, the modeling - 5 and the modeling - 1
subject had already established consistent relationships
between the right ankle angle and the platform that
resembled the expert m o d e l 's relationships to a certain
extent. By the last trial on day 3, the patterns were very
similar to the expert model's patterns and did not change
much between day 3 and day 5, except that the range of
motion increased.
The relationship between the right ankle angle and
platform displacement was still unorganized on the last
trial on day 1 for the discovery learning subject. By the
last trial on day 3, the relationship had become more
consistent and on the last trial on day 5, the pattern
closely resembled the expert model's pattern.
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Questionnaire Analysis
Subjects were asked to fill out a questionnaire,
responding to the same questions as in experiment 2 after
each practice session.

Subjects in the modeling - 1 group

reported having paid attention to the movement goal
frequency and to balance and different body parts. Subjects
in the modeling - 5 group paid less attention to movement
goals as subjects in the two other groups. However, their
responses suggest that they paid considerably more
attention to body parts, especially the feet. Subjects in
the discovery learning group indicated that they paid most
attention during practice to the movement goal frequency,
and also paid considerable attention to the goal amplitude.
This is consistent with Experiment 2 were subjects in the
discovery learning group also reported to frequently having
paid attention to the movement goals.
Subjects in the modeling - 1 group reported 12 times
that they did not have trouble performing the skill, as
opposed to the discovery learning group with 6 times, and
the model - 5 group with 1 time. Subjects in the modeling 5 and the modeling - 1 and the discovery learning group
answered frequently that they had trouble with movement
frequency and balance. Subjects in the modeling - 5 group
had more trouble with body parts than the modeling - 1
group, which in turn had more trouble with body parts than
the discovery learning group.
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The modeling - 1 group and the modeling - 5 group both
indicated to have looked frequently at the model's body
parts on day 1. Subjects in both groups also answered with
about the same frequency that they thought watching the
model helped them to perform the skill because the
demonstration showed them what to do. On day 2-5, subjects
in the modeling - 5 group still frequently looked at the
model's body parts, mostly her feet. While subjects most
frequently answered that the model was still useful on day
2-5, half of the responses indicated that the model was
only somewhat or not useful.
In general, it seems that subjects who observed the
model 5 days paid more attention to their own body parts
and felt more uncertain about whether they were doing the
movement right or not (shown by only 1 statement indicating
not to have any trouble performing the skill as opposed to
12 such statements from the modeling - 1 group and 6 from
the discovery learning group). Both groups agreed on the
usefulness of the model on the first day and both groups
observed similar body parts of the model.

Summary and Conclusion
One purpose of this experiment was to investigate
whether the expert model was useful only early in learning
by giving subjects information about what to do or if the
model conveyed information that was helpful and
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advantageous throughout the learning process. To accomplish
this purpose, a group was added that observed the model
only on the first day of practice.
Movement outcome and movement kinematics results
showed that the modeling - 1 group performed the task
similarly to the modeling - 5 group. There were no
statistical differences between these groups for platform
amplitude and frequency. Also, the analysis of movement
coordination variables showed that the modeling - 5 and the
modeling - 1 subject developed very similar relationships
between joint angles and joint angles and platform
displacement after the first day of practice where both
observed the expert model. However, on day 3 and day 5 the
similarities of angular relationships remained, indicating
that the withdrawal of the model was not detrimental for
the subjects' performance.
These findings suggest that the information conveyed
by the model may have had an initial facilitating effect
that helped the subjects to develop the appropriate
coordination pattern i.e., to get the "idea of the
movement". Analysis of the questionnaire provided
additional evidence for this point in that subjects in both
the modeling - 1 and the modeling - 5 group answered on day
1 that the model helped them perform the skill because she
showed them what to do. It can further be concluded that
the improvement later in learning was primarily achieved
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through the subject's interaction with the ski simulator
during practice, and that the model was no additional help
for improving the skill.
Another purpose of the third experiment was to
investigate if subjects in the discovery learning group
would be able to learn to perform slalom-ski type movements
required by the ski simulator if given more practice.
According to the results of the present study, this seems
to be possible.
Replicating the findings of Experiment 2, the
kinematic relationships between the different body angles
in Experiment 3 were also mostly unorganized for the
discovery learning subject on day 1, but by day 5, the
patterns were very similar to the expert model's patterns,
the only difference being a smaller range of motion within
the different joint angles. Furthermore, results of
movement outcome expressed by platform amplitude show that
subjects were able to learn the movement without a model.
An examination of the mean platform amplitude reached by
each individual subject in the discovery learning group
revealed that by day 5, 2 out of the 5 subjects achieved
amplitudes similar to the mean platform amplitudes achieved
in the modeling - 5 and the modeling - 1 group.
The finding that subjects can learn the task without a
model through the constraints imposed by the apparatus is
important because it supports the interpretation of the
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primary finding of this experiment, suggesting that the
interaction with the apparatus was the main factor for
improving the skill after the model was withdrawn.

General Discussion
To better understand the role of visual demonstrations
in skill acquisition, three experiments were conducted
examining the information a modeled visual demonstration
conveys. Results obtained from 2 experiments consistently
revealed that observing an expert model facilitated the
acquisition of slalom-ski type movements performed on a ski
simulator as opposed to learning the skill under discovery
learning conditions. Analysis of movement kinematics of the
expert model and one selected subject in each group
suggested that the kind of information the model conveyed
may have been information about movement coordination that
subjects perceived and utilized to learn the skill.
Furthermore, it was found that this coordination
information was beneficial early in learning and speeded
the acquisition of the skill, but that observing a model
later in learning (after 1 day of practice) was of no
further benefit.
The analysis of the movement outcome measures of
platform amplitude and frequency, revealing an advantage
for groups observing a model, provided empirical evidence
for Scully and Newell's (1985) stages of learning framework
of coordination and control that observing a model may be
useful if the skill to be learned requires the acquisition
of a new coordination pattern. In the modeling literature,
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similar findings have been reported (Magill & SchoenfelderZohdi,

1992? Southard & Higgins,

1987).

However, previous research on modeling has used only
movement outcome measures to asses the benefits of modeling
on skill learning. While these measures may reveal whether
observing a model helped to learn a skill, they do not
facilitate the investigation of what information was
conveyed by a model that facilitated skill learning.
Findings of visual perception research (Cutting &
Kozlowski,

1978), suggested that a visual demonstration

provides information about the relative motion of body and
limbs. To investigate this question, movement kinematics of
the expert model and selected subjects were analyzed to
examine the nature of the information a model may convey
that subjects can utilize to learn the skill. Results
revealed that after only a few observations of the model,
subjects developed very similar relationships between ipsiand contralateral joint angles and joint angles and
platform displacement as the model. In contrast, angular
relationships for discovery learning subjects were
unorganized on the first 2 days of practice. These results
support findings from visual perception research that
information conveyed by a model may be information about
the relative motion of limbs and torso. Furthermore, these
results suggested that coordination information may be
utilized by the subject to facilitate skill acquisition.
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This is in agreement with Whiting (1988), who proposed that
subjects may pick up information about movement form from a
model that helps them to acquire a skill.
Results of the third experiment revealed that the
information about movement coordination is used early in
learning. After the coordination pattern had been acquired,
which was indicated by characteristic kinematic
relationships between angular displacement of joint angles
and joint angles and platform displacement, subjects
started to increase the range of motion within joint
angles, resulting in an increasing platform amplitude.
Observing a model during this later stage of learning was
of no further benefit, revealed by the almost identical
performance of the group that observed the model throughout
the experiment and the group that observed the model on the
first day only.
Again, these findings lend support to Newell

(1985)

and Scully and Newell (1985) who suggested that visual
demonstrations may be beneficial early in learning because
they give the observer an idea of how to coordinate the
movement in conveying information about the pattern of
relative motion of the body parts. Later in learning, once
the observer masters the coordination of the movement, the
optimal control function is established, which in this
study would be achieving the largest amplitude at the
prescribed (relatively fast) frequency. The optimal
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parameterization of the coordinated movement was suggested
to be specific to the individual. Therefore the learner
should in this stage benefit more from physical practice
than from observing a model. The findings of the present
study showed that after having established the coordination
function on the first day, observing a model in addition to
practice did not result in superior performance than
practice alone.
The kinematic analysis of the discovery learning
subjects revealed another important result: on the first 2
days of practice, the relationships between angular
displacement of joint angles and joint angles and platform
displacement were unorganized. On the third day, the
patterns became more consistent and by day 5, the
relationships were very similar to the relationships of
subjects that had observed a model and of the expert model.
First of all, these results indicate that the movement
could be learned without the help of the model by
interacting with and experiencing the constraints of the
ski simulator. However, the acquisition of the appropriate
coordination pattern took longer. The unorganized
relationships between joint angles early in learning
suggest that the subjects searched the perceptual motor
workspace for the optimal coordination pattern. Once the
appropriate pattern was discovered, subjects assigned
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increasing values to the movement parameters, indicated by
an increase in platform amplitude.
Traditional frameworks of motor learning indicate that
the early stages of learning are cognitive in nature (Fitts
& Posner, 1967) where the learner acquires knowledge of
what to do or gets "the idea of the movement" (Gentile,
1972). The results of the present study suggest that a
model is an instructional variable that allowed the
subjects to go through this early stage of learning
quicker. Providing subjects with a model may have helped
getting the idea of the movement by possibly conveying
information about the required movement coordination
pattern. Once this pattern was acquired subjects who
continued to practice without a model showed the same
coordination patterns and achieved similar movement
amplitudes and frequencies as subjects who continued to
observe the model. Hence, the model did not appear to
convey information that would have been more useful than
information gained solely from the interaction with the
apparatus later in learning, after the appropriate
coordination pattern was established.
Results of the kinematic analysis of subjects and the
expert model in the present study suggest that a visual
model may have conveyed information about movement
coordination that facilitated the acquisition of slalom ski
type movements. However, the information that was possibly
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conveyed by the model was not directly manipulated. To
further investigate the information question, the video
taped demonstration could be altered by either partially
masking the model or enhancing the most critical components
for successful performance. Masking important variables of
a visual demonstration of slalom-ski type movements

(i.e.,

the legs) would be expected to degrade the acquisition of
the movement. Enhancing variables that are most important
in conveying information about movement coordination on the
other hand could possibly further improve or speed the
learning of the skill.
The findings of the present study may be generalized
to skills where the learner is highly constrained and where
the correct execution of a skill can be learned through the
interaction with an apparatus during practice. For less
constrained skills where the learner may not necessarily
find the correct coordination pattern through trial and
error, the information conveyed by a model may allow the
subjects to learn the skill to a higher degree than without
a model. However, if in this case , after the coordination
pattern was acquired, it would be advantageous to observe a
model in later stages of learning as opposed to not
observing a model is questionable and awaits further
research.
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Information in Motor Skill Learning:
Modeling and KR as Interacting Variables
In the motor learning process, information is
typically conveyed to the learner prior to, during, and
after action (Newell, 1981). Prior to action, one means of
providing information about the skill to be performed is by
using a model to demonstrate the correct execution of the
movement. The use of a model represents an instruction
based mode of presenting information. Knowledge of results
(KR) and knowledge of performance (KP) on the other hand,
are response based modes of information given after the
completion of action. KR provides information about the
movement outcome in form of an error score, whereas KP
informs the learner about errors in movement execution.1
While modeling and KR differ regarding the nature of
information they provide, they may share certain
commonalities. For example, it may be that both help the
learner form a memory representation of the movement
(Magill & Schoenfelder-Zohdi, 1991). However, the exact
nature of the distinctions and commonalities of KR and
modeling have yet to be explored. Thus, the purpose of this
literature review is to address this issue by identifying
the theoretical and empirical contributions of
investigations of KR and modeling, and to examine the
possible interaction between these two variables. That is,
if modeling and KR occur in the same learning situation,
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will they convey redundant information? Can the learner
make use of the different types of information they
provide? Is one mode of information

more useful than the

other? If it is, in what case? Concluding the review, some
implications for further research on the interaction of
modeling and KR will be given.

Modeling
Before attempting to execute a movement, the learner
needs to know what the goal of the movement is and how this
goal can be achieved. In learning settings, instructions
about the movement goal and information about the movement
itself are commonly conveyed verbally or through live or
videotaped visual demonstrations. Although modeling is
widely used in the real world by teachers and coaches, it
has been largely ignored by researchers of motor behavior.
This is probably due to the fact that motor learning theory
has considered KR to be a more important variable for
learning (Adams, 1971, 1991; Schmidt, 1975). On the other
hand, modeling has been investigated primarily from a
social learning theory point of view, where the role of
observational or vicarious learning has been recognized as
important for the acquisition of social skills. Bandura's
(1969, 1977) mediational contiguity theory has provided the
basis for a great body of research in this field. Only
recently have researchers in the motor learning domain
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found applications for Bandura's theory for skill learning
(McCullagh & Little, 1989; McCullagh, Weiss, & Ross, 1989;
Feltz,

1982; Ross, Bird, Doody, & Zoeller, 1985). Bandura

himself has also started to extend his theoretical
framework to movement skill acquisition (Carroll & Bandura,
1982, 1985, 1987).
Research investigating the effects of modeling on
motor skill learning unfortunately has not been very
systematic and extensive (McCullagh, Weiss, & Ross, 1989),
and has rarely used

model versus no model experimental

designs (Whiting, Bijlard, & den Brinker, 1987) . In the
following sections therefore, research on modeling and
skill acquisition will be reviewed under the following
aspects: investigations on modeling and practice and
different modalities in modeling can help to understand how
learning from a model can be accomplished. Research on
modeling, vision, and perception can provide insight into
the question of what information may be conveyed by a
model. Studies examining modeling and task type and
temporal spacing of demonstrations investigate more applied
problems related to the questions for which tasks a
demonstration may be beneficial and when during the
learning process a model should be introduced.
Modeling and Practice
Practice becomes an important variable in
observational learning when the task or parts of the task

to be learned are either new to the observer or the task is
relatively long in duration or when it reaches a certain
level of complexity (Sheffield, 1961; Jeffery, 1976; Gould
& Roberts, 1982). Practice may serve several functions in
the process of observational learning. Practice may help
the learner to remember the modeled task, allowing him to
know what to practice and thereby enhancing his performance
(Sheffield, 1961). Furthermore, practice in addition to
demonstrations may enable the learner to acquire the
coordination of the movement to be learned (Southard &
Higgins, 1987), and to develop the appropriate movement
parameterization (Scully & Newell, 1985).
A number of studies have investigated practice
following the observation of a model as a variable aiding
the retention of the criterion task (Bandura & Jeffery,
1973; Jeffery, 1976; Carroll & Bandura, 1985). Practice may
contribute to the strengthening of the retention of
response information in permanent memory and prevent the
forgetting of memory codes. Bandura and Jeffery (1973)
suggested that recall may be facilitated by subjectively
recoding action patterns into verbal or imaginal mnenomic
aids during rehearsal. Also repetition itself could
increase the strength or number of memory traces, thereby
enhancing retention (Bandura, Jeffery, & Bachicha, 1974).
In addition, meaningfulness and retrievability of encoded
responses might have effects on memory performance.
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Bandura, Jeffery, and Bachicha (1974) found that symbolic
codes combining meaningfulness with retrievability produced
superior memory performance.

In cases where response codes

of modeled acts lacked meaningfulness or where difficult to
remember, cumulative rehearsal of the codes enhanced memory
performances.
Rehearsal m o d e . Several studies investigated the issue
of mode of rehearsal in observational learning. Two
different modes can be identified. One involves covert
rehearsal, where the learner mentally rehearses the
observed movement without actually performing it. It seems
that covert or symbolic rehearsal helps the learner to
develop the appropriate coordination of the movement by
helping to organize the information provided by a model
about the organization of components into complex patterns.
The second rehearsal model is overt, or motor rehearsal,
which involves the actual physical enactment of the
observed behavior. Overt rehearsal may contribute to a
refinement of the mental representation of the movement in
that it provides the learner with informative feedback that
allows him to detect and correct deficiencies in his
performance.
Both covert and overt rehearsal of the modeled
response seem to be necessary for skill acguisition. As
noted by Gentile (1972) in her working model of skill
acquisition, in the early stages of learning, the learner
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must first get "the idea of the movement" before he can
formulate the motor output.

If covert rehearsal serves

organizational functions as suggested by Jeffery (1976), it
may help to develop this idea of the movement by allowing
the learner to organize components of the movement into
complex patterns and sequences. Jeffery (1976) examined the
effects of mode and patterning of rehearsal on acquisition
and retention of modeled construction tasks varying in
organizational complexity. Symbolic rehearsal was most
effective with organizationally complex performances,
supporting the view that symbolic rehearsal serves
organizational functions.
In line with Gentile's

(1972) notion, Jeffery (1976)

found that motor rehearsal did enhance learning when the
modeled activities were first rehearsed symbolically. The
benefit of motor rehearsal may be that it provides the
learner with informative feedback that may enable him to
make refinements in both memory representation and action
and to detect mismatches between performance feedback and
memory representation. Therefore both symbolic and motor
rehearsal may serve complementary functions in the
acquisition, refinement, and retention of complex modeled
behaviors. A similar conclusion was proposed by Carroll and
Bandura (1985), based on their investigations of the role
of timing of visual monitoring and motor rehearsal in
observational learning of a sequence of arm movements. They
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argued that after a symbolic representation of the observed
behavior has been developed, motor rehearsal can help the
learner to recognize deficiencies in his performance. This
enhances and directs his attentiveness to relevant modeling
cues that subsequently aid him in refining the symbolic
representation of the modeled activity.
Practice variability. Whether the model's practice
strategy can affect the skill acquisition of the observer
was investigated by Bird and Rikli

(1983). While according

to schema theory (Schmidt, 1975) the development of an
error detection and correction mechanism can be improved by
overt variable practice with KR, Bird and Rikli found
evidence that subjects could develop a stronger error
detection and correction mechanism by just observing a
model practicing under variable conditions without ever
receiving KR on their own movement. A practice
(variable/constant) by information mode (modeling/physical)
design was used. The task was a curvelinear positioning
task. Two groups observed a model performing the task under
the relevant practice condition receiving KR, and another
two groups physically practiced the task blindfolded under
the different practice conditions receiving KR. All groups
were transferred to a new target outside the range of
previous practice to 20 blindfolded no KR trials. The
results indicated that variable practice was more efficient
for reducing error, regardless of whether initial practice
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occurred within the physical or observational mode.
Observing a model under a variable practice strategy seemed
to have facilitated the development of a stronger error
detection mechanism than observing a model under a constant
practice strategy.
It is important to note that subjects observing a
model practice under a variable practice strategy and
receiving KR about the m o d e l 's movement but never about
their own movement did not perform significantly different
on the transfer test than subjects who had initially
practiced under physical-constant practice conditions with
KR. This is contrary to Schmidt (1975) who emphasized the
importance of the learner receiving KR about his own
movement during practice. It seemed that observing a model
practicing under variable conditions conveyed enough
information to the observer to make his subsequent
performance comparable to subjects who physically practiced
the task in a constant practice mode and received KR about
their own movement.
Practice and the stages of learning. One view of the
benefit of modeling is that when demonstrations are used
during the early stages of learning, they help the learner
perceive the important relationships between body parts and
therefore facilitate the acquisition of the coordination
function of the movement (Scully & Newell,

1985). Evidence

for this can be seen in an experiment reported by Southard

and Higgins (1987). They showed that subjects who received
a demonstration of a forehand shot in racguetball and then
physical practice were able to achieve a change in the
relative position of limb segments. Their results indicated
that practice may afford the learner the opportunity to
acquire kinematic characteristics which lead to a change in
relative limb position, thereby improving the coordination
of the skill.
However, in the later stages of learning, practice may
serve a different function. Here, the learner may not be
able to further improve the movement by watching a model.
As indicated by Scully and Newell (1985), in the later
stages of learning the learner establishes the appropriate
parameterization of the previously acquired coordination
function, namely the control of limb segments. The learner
might be able to perceive the information about
parameterization in the relative motion pattern from a
demonstration, but the absolute motion of elements of the
same coordination function may vary tremendously from
individual to individual. Therefore while the information
regarding the appropriate scaling of relative motion is
perceivable from demonstrations, Scully and Newell (1985)
suggested that only through practice will the optimal
parameterization of the coordination function be
determined.
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It should be noted that evidence was provided in the
previous section showing that a learner can get the idea of
the movement or movement coordination by just observing a
model and without physical practice (Bandura & Jeffery,
1973; Bird & Rikli, 1983). However, the skills used in
those experiments seemed to have been skills whose
components were already in the repertoire of the learner.
If the learner is familiar with the components of a
criterion movement he may be able to develop a mental
representation of how the components are to be coordinated
by mere observation. In such a case, physical practice in
the earliest stage of learning may not be necessary.

Modeling and Task Type
There is considerable evidence that the effectiveness
of modeled demonstrations is task specific. It seems that
tasks of high strategy demands or difficulty, novel tasks,
or tasks that require the acquisition of limb coordination
rather than control or parameterization of the movement are
especially susceptible to modeling.
Evidence that the acquisition of tasks with high
strategy components are aided by providing a model was
provided by McCullagh and Lethi (1989). In this study, the
effectiveness of modeling versus KR on the acquisition and
retention of a task with high versus low cognitive or
strategy components was compared. The low strategy task was
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to tap between four segments with a constant criterion
movement time (600 msec) whereas the high strategy task was
to tap between the four segments with variable criterion
times of 500/ 1100, 200, and 600 msec, respectively.
Modeling and KR groups performed similarly on the low
strategy task, but for the more difficult task (high
strategy), modeling was clearly superior over KR. The
authors suggested that modeling may be more effective than
KR if the task has high cognitive or strategy components.
This may be because a model may primarily convey
information related to the symbolic cognitive components or
strategies of a task, as other research has suggested
(Martens, Burwitz, & Zuckerman,

1976; Feltz,

1982).

Insight into how modeling can aid the acquisition of tasks
of high difficulty or strategy demands can be provided by
social learning theory (Bandura,

1977). According to this

view, observationally learned behaviors are organized for
execution by symbolic rehearsal.

If symbolic rehearsal

serves organizational functions, observational learning
should be more beneficial for tasks of high strategy
demands because those tasks require organization. Support
for this view was provided in a study by Jeffery (1976)
where symbolic rehearsal was most effective with the
organizationally complex task. Therefore the higher the
information load or complexity of a task or the more a
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strategy is involved, the more susceptible the task may be
to modeling effects (Gould & Roberts, 1982).
The issue of modeling effects related to task novelty
has been addressed by Newell (1985) and Scully and Newell
(1985) in their stages of learning framework of
coordination and control. Scully and Newell (1985) posited
that demonstrations should be useful for the acquisition of
novel tasks because they give the observer an idea of how
to coordinate the movement in conveying information about
the pattern of relative motion of the body parts. Once the
observer masters the coordination of the movement, he needs
to establish an optimal control function. The optimal
parameterization of the coordinated movement is specific to
the individual, the learner therefore should in this stage
benefit more from physical practice than from observing a
model.
Evidence supporting this position was provided in a
recent review by Mueller and Magill (1991). They analyzed
the modeling research literature to consider the possible
task specificity of the modeling effect in light of
Newell's (1985) stages of learning framework of
coordination and control. The goal of that review was to
examine whether this framework can help to interpret the
mixed results in the modeling literature where the
acquisition of some tasks is facilitated by a model whereas
the acquisition of other tasks is not. The results of their

analysis of tasks used in modeling research supported the
prediction that the acquisition of tasks requiring the
subject to learn a novel movement pattern for which a
coordination function had to be established was facilitated
by a m o del. These tasks include for example the Bachman
ladder climbing task (Landers, 1975), complex cyclical
actions performed on a ski simulator (Whiting, Bijlard, &
den Brinker, 1987), and a rhythmic gymnastics rope skill
(Schoenfelder-Zohdi & Magill, 1990). However, the
acquisition of tasks like tracking a moving target on a
pursuit rotor (McGuire, 1961), that required subjects to
establish the parameterization or scaling of an already
mastered coordination function, was not improved by a
model. It follows that research on the effectiveness of
modeled demonstrations needs to carefully analyze the
experimental task regarding its difficulty, novelty, and
emphasis on coordination or control.

Temporal Spacing of Demonstrations
Research on temporal spacing of demonstrations
investigates the question of at what point during skill
acquisition a model should be introduced: before practice,
half way through practice, or both before and half-way
through practice. The literature is not very clear as to
which pattern of temporal spacing of demonstrations is the
most beneficial for learning. The majority of studies have
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revealed that introducing a model in the beginning of
practice lead to better performance than not introducing a
model (Landers, 1975; Anderson, Gebhart, Pease, & Ludwig,
1982; Anderson, Gebhart, Pease, & Rupnow, 1983; Thomas,
Pierce, & Ridsdale, 1977). McGuire (1961) on the other hand
did not find a modeling effect regardless of whether the
model was shown before practice or both before and half-way
through practice. However Landers (1975) found a model
presented both initially and half way through practice
further enhanced learning compared to a model presented
before practice only.
To interpret the apparently discrepant results of
research on temporal spacing of demonstrations, it may help
to consider the type of task used in light of the
suggestion proposed by Newell (1985) regarding movement
coordination and control. For the pursuit rotor task
(McGuire, 1961), the subject did not need a model to learn
the movements of body parts in relation to one another
because the appropriate coordination function had already
been established. The subjects goal was rather the control
or parameterization of the coordinated movement. For the
Bachman ladder task (Landers, 1975), subjects had not yet
acquired the appropriate coordination of the criterion task
and perhaps, as suggested by Scully and Newell (1985), a
model could provide them with information about the
movement pattern of motion of limbs in relation to one
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another. Apparently midway through practice, subjects had
not yet fully established the coordination of the ladder
climb and perhaps could attend to more specific cues by
watching the model after having had some experience with
the task, which subsequently further improved their
performance.
Introducing a model midway through practice as opposed
to prior to practice has also yielded some mixed results.
In cases where this did not further improve performance
(Thomas, Pierce, & Ridsdale, 1977 with a stabilometer;
Anderson, Gebhart, Pease, & Rupnow, 1983, with ball
striking), the subjects may already have had an idea of how
to perform the movement. That is, they may have established
the movement pattern either prior to the study or through
practice, and may have already progressed to a control
stage of learning. Therefore the information conveyed by
the model about the movement coordination was of no
additional benefit. In cases where the model provided
midway through practice was found to be effective
(Anderson, Gebhart, Pease, & Ludwig, 1982, with a
stabilometer), the subjects may still have been in the
coordinative stage and could utilize the related
information provided by a model to improve their skill.
The suggestion made by Newell (1985) regarding
movement coordination and control in the framework of the
stages of learning provides a way to interpret the
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confusing results of the research. According to this view,
for most tasks, the subject acquired the coordination
function in the early stages of learning and could
therefore benefit from a model because the model conveyed
information about the movement pattern. Once the subject
had acquired the coordination function, he progressed to
another stage of learning where he established the scaling
of the parameters for the coordination function. Since the
parameterization is individual specific, a model may not
have been of further benefit. If, however, the major goal
of a task pertained to movement parameters like force or
speed, modeling may have not contributed to an improvement
in performance, regardless during which stage of learning a
model was provided. Obviously, a lot of research is needed
to provide some empirical support for these claims.
Besides considering the tasks employed by these
studies in order to understand the apparently discrepant
results, some methodological problems may also be
responsible for the somewhat equivocal or contradictory
outcomes. One problem is that none of these investigations
administered retention tests, hence only performance
effects were assessed and not learning. Another problem is
that some studies gave KR to all subjects (Thomas, Pierce,
& Ridsdale, 1977; Anderson, Gebhart, Pease, & Rupnow, 1983;
Anderson, Gebhart, Pease, & Ludwig, 1982), and confounded
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the effects supposedly found from administration of a model
alone versus no m o del.

Modeling and Visual Perception
There is no doubt that modeled actions are visually
perceived by the observer, but the agreement about
perceptual processes involved in learning from visual cues
in the literature only goes so far. The information
processing view of observational learning suggests that a
m o d e l 's demonstration has informational properties which
can be perceived by the learner (Sheffield, 1961, Bandura,
1969). The learner symbolically codes and cognitively
rehearses the modeled event, which enables him to retain
and later to translate the symbolic sequence into overt
performance.

In this view, perception and action are two

fundamentally different processes, where the perceived
information needs to be cognitively mediated to construct a
mental representation or "blueprint"

(Sheffield, 1961) that

guides the translation of the observed behavior into
action.
An alternative view was provided by Newell, Morris,
and Scully (1985). While they acknowledged the finding of
modeling research that demonstrations can convey
information, they argued that the question about the
informational nature of demonstrations has not been
adequately addressed. Scully and Newell (1985) pointed out
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the need to investigate how the perception of motion
assists in the acquisition of demonstrated movements and
suggested a dynamic approach to observational learning of
coordination and control of movement. This perspective
addresses observational learning from a direct perception
view where perception and action are viewed as
complementary in our actions depend on what we perceive and
what we perceive depends on the actions we are making
(Turvey, 1977). The organism is thought to continuously
adjust to perceived invariances in the environment by
tuning groups of muscles (so called coordinative
structures) to the constraints imposed by the environment.
This direct interaction between perception and action makes
a mental representation and mediation of perceived events
unnecessary. Scully and Newell (1985) criticized modeling
research by arguing that it only has investigated how
information is processed. In order to understand how
learning from observation is accomplished, the need is to
ask what information is perceived while observing a model.
However, it should be noted that several visual
perception researchers have addressed the question of what
it is that an observer perceives from watching human
motion. For example, using a point-light technique, results
have indicated that the observer is able to perceptually
organize the light patterns into a "gestalt", meaning he
groups the lights into a meaningful form (walking, running,

etc.) rather than perceiving them as single stimuli, even
when the relevant points are masked by additional points
(Cutting, Moore, & Morrison, 1988). These results are based
on point-light experiments investigating the perception of
human and puppet walking, running and "jumping jack" motion
(Johansson, 1976), walking of a friend (Cutting and
Kozlowski, 1977), or a darts-throwing motion (Williams,
1989). In this technique, reflectant markers are attached
to the joints of the model. The movement is then videotaped
with bright floodlight shining on the model. On watching
the tape, the contrasts are adjusted such that only the
light spots can be seen but not the body itself. This way
the viewer, deprived of familiarity cues, perceives only
the invariant relations of the display. A similar effect
can also be created with a computer program that generates
synthetic walkers as dynamic point-light displays (Cutting,
1978).
The perception of the underlying dynamic or
transformational invariants and structural or topographic
invariants of the display provide the observer with
sufficient information to identify human motion patterns.
According to structural information theory (Chaitin, 1977),
the visual system is thought to accomplish this according
to a minimum principle whereby the simplest possible
program is assembled to interpret the pattern of motion
(Cutting, Moore, & Morrison, 1988).
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The findings from visual perception research may have
great implications for the study of observational learning.
However, no one has extrapolated from this domain to the
area of motor skill learning. Regardless of the position
taken on the controversy between the indirect information
processing view and the direct dynamic view on explaining
the phenomenon of movement perception, research on
observational learning should take into account the
findings of visual perception research. Of particular
importance here is evidence concerning the nature of the
cues that can be picked up by the observer and their
relevance for the learning of movement. So far it seems
that subjects are able to perceive the invariant
relationship or relative motion of body parts, even when
they are deprived of familiarity cues. This allows the
identification of the movement and may help to establish an
appropriate coordination function (Newell, 1985) .
While Newell argues that observational learning can
take place without any cognitive mediation between
perception and action, there is no empirical evidence to
demonstrate that perceived relative motion may not be
symbolically coded and cognitively mediated as suggested by
Bandura (1977) and Sheffield (1961). Thus, at the present
time, the debate on the issue of direct perception versus
an information processing view of motor skill learning is
still going on and it may be that both can contribute to a
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further understanding of phenomena in motor learning such
as modeling, besides many others (see van Wieringen 1990,
for further discussion).
Alternative Modes of Modeling
The vast majority of studies investigating the effects
of modeling on skill learning have used full-cue, visual
presentations of modeling stimuli (McCullagh, Weiss, &
Ross, 1989). Depending on the task and level of expertise
of the learner, other modes of presentation might be just
as useful or even better in conveying the information
necessary to learn the criterion task (Newell, 1981). In
this section, studies that have used alternative modes of
demonstration will be discussed.
Modified visual demonstrations. It is possible that a
full cue visual demonstration could overwhelm the learner
with so much information that it would become difficult to
distinguish between the relevant and non-relevant c u e s . To
investigate this problem, Williams (1989), isolated
information in the motion pattern from information in the
form pattern of the modeled action. Subjects observed three
different modes of demonstration of a darts-style throwing
action: one showing the relative motion of the upper limb
joints, one showing the relative motion of the upper limb
segments, and one showing the whole arm of the model. After
six physical practice trials, all groups performed the
modeled spatial criteria of the movement correctly by first
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acquiring sequence order and then displacement of the
elbow. However, neither group performed the temporal
features adequately.
Williams suggested that the subjects might not have
had enough time to acquire the correct timing of the
movement and designed a follow-up study to investigate
whether timing could be perceived and produced from
observing a modeled dart-throwing action for a longer time
period. A point-light display of the relative motion of the
arm movement provided enough information for the subjects
to recognize it as a darts-throwing action, no matter
whether it was presented in natural or slower speed. Timing
however was most accurately modeled by subjects who
observed the point-light demonstration in natural speed.
Williams interpreted this finding as indicating that the
model performing the movement with a slower overall speed
conveyed enough information to the subjects to enable them
to recognize it as a darts-throwing motion, but that the
subjects were not able to utilize the information to
acquire the appropriate timing. They could translate the
information pertaining to timing only from the model that
performed the task in natural speed.

Unfortunately,

Williams did not include modeling of the relative motion of
arm segments and the full-cue condition in his second
experiment.

It would be interesting to see whether subjects

could recognize and also translate timing related
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information from a model that performed the movement with
various speeds under these conditions.
Auditory demonstrations. For some tasks or certain
features of a task, auditory demonstrations of the
criterion action might be a useful addition or alternative
to visual demonstrations or physical practice in that they
convey different information that can more readily be
utilized by the learner to develop a recognition memory
(Zelaznik & Spring,

1976). The natural sound of a movement

could be presented or sounds could be artificially imposed
(Newell, 1981; Newell, Morris, & Scully, 1985). Newell
(1976) showed that audition can be an effective medium to
demonstrate a rapid linear timing response. Subjects were
able to reduce movement error during no KR practice because
they could evaluate the sound produced by their own
movement against the auditory reference established during
demonstration.
The relative effectiveness of auditory and visual
models in the acquisition of a barrier knock-down timing
task was compared by Doody, Bird, and Ross (1985). Results
of a no-KR transfer test revealed that the groups receiving
auditory and auditory plus visual models had lower absolute
errors than groups receiving

visually presented

information or physical practice with KR. The authors
suggested that the auditory and the auditory plus visual
model seem to have provided information about the task
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which was more easily transformed into a retainable
cognitive representation than was the visually presented
information. Since the subjects in the modeling groups also
received physical practice with KR, it seems to be more
appropriate to conclude that their better performance was
due to modeling in combination with KR.
Whether subjects could learn the same timing task from
a visual, auditory, or visual plus auditory model alone in
comparison to KR, was investigated by McCullagh and Little
(1989). Physical practice with KR aided learning more than
modeling without KR, although the differences were not
significant. The ordering of means for the demonstration
group was the same as in Doody et al. These findings
indicate that subjects seem to be able to learn from the
information conveyed by an auditory model or an auditory
plus visual model just as well as from the information
obtained from receiving physical practice with KR.
In summary, the studies provide some evidence that
information conveyed by auditory models alone or in
combination with KR, physical practice, or visual models
can help to maintain performance over immediate and delayed
transfer in timing tasks. If, as suggested by social
learning theory, the learner can form a mental
representation by symbolically coding visual information
obtained from observing a model, he might be very well able
to establish a mental representation by symbolically coding
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auditory information obtained from listening to a model.
More research is necessary to find out what modalities in
modeling are most potent for different task components.
However if learning of the timing of a movement is
emphasized, audition might be the most important modality
(McCullagh & Little,

1989).

Conclusions
Research has shown that a model can provide the
learner with information that facilitates the acquisition
of certain motor skills. The question about the nature of
this information has not yet been well investigated, but so
far there is evidence from visual perception research that
a model primarily conveys information about the relative
motion of the body parts or the movement pattern, which
allows the learner to establish the coordination of the
movement.
However, the question remains concerning how this
coordination is established. From an information processing
point of view, symbolic rehearsal of the modeled behavior
is thought to help the learner to organize the movement
into complex patterns and thus to help forming a mental
representation of the movement. This mental representation
serves as a reference of correctness against which the
learner can evaluate task-produced feedback obtained from
physical practice which allows him to detect and correct
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errors committed during performance. Evidence has been
provided that the development of an adequate mental
representation of the movement is enhanced by actively
involving the learner in the problem solving process.
The benefits of modeling seem to be task specific and
related to the stage of learning the subject is in.
Providing the learner with a model has been shown to be
helpful in the early stages of learning where the learner
is in need of instructional information as to what he is
supposed to do and how he may achieve the movement goal. A
model can help the novice to form an idea of the movement
and to establish the appropriate movement coordination.
Research on temporal spacing of modeled demonstrations
indicated that later in learning, when the coordination
aspects of the task have been mastered, the presentation of
a model is of no further benefit. Furthermore, information
conveyed by a model may not be so useful for the
acquisition of tasks with a stronger emphasis on movement
control.
The results of modeling research suggest that motor
learning can occur with the help of information provided by
a model without the learner ever receiving KR about his own
movement. This has strong implications for motor learning
theory that claimed KR to be the most potent variable for
learning and that there should be no learning without KR.
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Learning from Knowledge of Results
Contrary to the instruction-based character of
modeling, knowledge of results (KR) and knowledge of
performance (KP) are

response-based modes of information

the learner is given after completion of action. KR is
typically verbal, terminal, extrinsic information about the
response outcome in terms of the environmental goal
(Schmidt, 1988), usually given in the form of a score
representing actual performance or in form of an error
score of performance in relation to the task criterion
(Newell, 1981). Knowledge of performance (KP) on the other
hand refers to extrinsic information about the movement
pattern or the actual execution of the movement and can be
given verbally or by means of videotaped replays or
kinematic displays. From an information processing point of
view, the learner, upon receiving KR, subsequently
evaluates the information in relation to the movement goal
and the movement produced to be able to alter movement
production on the next trial.
To understand how KR operates in the learning process,
investigators have used various experimental manipulations
related to different aspects of the variable. This review
will be limited to KR research topics that can provide
insight into

problems that are significant for an

examination of potential interactions of KR and modeling in
the learning process. These problems involve questions
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related to what information the learner obtains from KR,
how learning from KR is accomplished, when KR should be
given, and if learning can take place in the absence of KR.
In the following sections, research on precision,
frequency, and temporal locus of KR will be reviewed. While
KR is mostly verbally provided, there are other means of
delivering information about the learner's movement. Thus
one section will be devoted to different feedback
modalities. And finally, in the last part of this section,
learning without KR will be discussed.
Precision of KR
The precision of KR refers to the degree of accuracy
of the error report.

It can be classified into two

categories: qualitative KR provides information about the
direction of an error, whereas quantitative KR involves a
report of the magnitude of the error in more or less
precise numerical terms. Ammons

(1956) suggested an optimum

level of KR precision depends on the task and the
information processing capabilities of the learner.

If the

learner is provided with too little information, he lacks
enough detail on which to base the next movement.

Increased

precision should lead to increased performance and learning
up to a certain point. Too precise information may cause
the learner to focus on levels of errors beyond his
correction and control capabilities, thereby ignoring
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important aspects of the task (Salmon!, Schmidt, & Walter,
1984).
Some studies show evidence for increased KR precision
to have beneficial effects on learning. The optimal degree
of KR precision seems to be related to the stage of
learning the subject is in and the subject's information
processing capabilities. In a study conducted by Thomas,
Mitchell, and Solmon (1979), more precise KR was beneficial
for older children in learning a horizontal curvelinear
positioning task, but not for younger children who had not
yet developed the information processing capabilities to
utilize the additional information contained in more
precise KR.
Another aspect of KR precision as a learning variable
has been identified by Magill and Wood (1986). They argued,
in agreement with Ammons (1956), that different types of
information are used by the subjects at different stages of
learning. In their experiment, subjects who received more
precise KR in acquisition performed the criterion response
of a six- segment movement pattern with different movement
times for each segment more accurately during the latter
practice trials and during retention trials than subjects
receiving less precise KR. However, more precise KR lead to
no better performance in early practice than did less
precise KR.

Similar results were also found by Rogers (1974,
experiment 2 and 3). Early in practice, the learner
establishes an initial general approximation of the
movement on the basis of less specific information. Later
in practice, he needs more specific information to
accomplish a fine tuning of the movement pattern. To
substantiate this finding it would be interesting to
include a group receiving increasingly more precise
information. A group that does not get confused by too
precise KR in the early stages of learning with the
precision of KR adjusted to the needs of the learner might
even outperform a group that received precise KR from the
beginning.
The study conducted by Salmoni, Ross, Dill, and
Zoeller (1983, experiment 1) approximately replicated
Rogers

(1974) findings. In experiment two the authors noted

that in this and other typical KR studies, subjects get not
informed about the goal of the response and the measurement
units of KR. They therefore hypothesized that the KR
precision effect found by Rogers referred to learning of
the KR rather than learning of the response.

If this was

the case, than informing the subject about the response
goal and the units of KR should eliminate the KR precision
effect. Results revealed support for their hypothesis, no
significant differences between groups were found and all
groups improved over practice. It should be noted however,
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that Magill and Wood (1986) informed their subjects about
the movement goal and the measurement units of KR, and they
clearly found an effect for KR precision. This
contradiction might be due to different levels of task
complexity. Thomas, Mitchell, and Solmon (1979, experiment
1) showed more precise KR to be beneficial for older
children on learning a more difficult task as compared to
less precise KR.
Several researchers that investigated the effect of KR
precision on skill acquisition failed to examine the
effects on learning by not administering retention or
transfer tests

(Salmoni et al., 1984). For example, Bourne

and Pendleton (1958) found that more precise KR helps
acquisition of a pattern classification task more than less
precise KR, and Smoll (1972), with a task demanding
delivery of a bowling ball at a specific speed and Rogers
(1974), with knob turning, found evidence for an optimal
level of KR precision for the skill acquisition phase.
Additional information beyond the optimal level even slowed
the acquisition, supporting Bilodeau (1966) who suggested
that too precise information may interfere with learning.
Rogers (1974, experiment 2) further found a KR precision by
post-KR delay interaction, indicating that a subject can
utilize more precise information if he is given enough
processing time (Adams, 1971). On the contrary, McGuigan
(1959) did not find a significant KR precision by post-KR
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delay interaction for a line drawing task. Regardless of
the length of the post-KR interval, subjects receiving more
precise KR showed better performance in acquisition and
retention after KR was withdrawn. It is possible that if
McGuigan would have further increased the precision level
of KR, he may have found a KR precision by post-KR delay
interaction.
No effect of KR precision on learning a knob turning
task was discovered by Salmoni, Ross, Dill, and Zoeller
(1983) and on learning a coincidence anticipation task by
Jensen, Picado, and Morenz (1981). Unlike other studies
employing this task, they did not eliminate vision or other
sensory modalities during acquisition and transfer. Groups
receiving qualitative KR or quantitative KR of varying
preciseness did not differ significantly, leading to the
conclusion that for this task, KR was redundant information
with the subjects not being able to process more precise
information to obtain more accurate and consistent scores.
Unfortunately, a no KR group was not included in this
investigation to show that the KR was truly redundant.
Taken together, the majority of studies show improved
performance and learning with increased levels of KR
precision. The studies further show that the information
processing capabilities are related to the stage of
learning the subject is in and the subject's age. The
question of the "optimal level" of KR precision has only

114
been addressed in terms of the skill acquisition phase
(Smoll, 1972; Rogers, 1974) and it clearly deserves further
study whether such an optimal level exists beyond which no
further learning will occur or learning might be even
depressed. Studies investigating this issue however need to
include a wide range of levels of KR precision in both
directions because the question is no longer what is
better, more or less precise KR, but "how" precise does the
KR have to be. Furthermore, task complexity and post-KR
delay interval length seem to be critical variables that
might potentially interact with KR precision.
Frequency of KR
The scheduling of KR presentation can be manipulated
in two different ways: absolute frequency refers to the
total amount of KR given, whereas relative frequency is the
number of trials KR is provided divided by the overall
number of trials. Research has consistently shown that
increasing the frequency of KR in acquisition of simple
tasks is beneficial for performance and increases the rate
of improvement over acquisition trials (Newell, 1974;
Salmoni, Schmidt, & Walter, 1984; Schmidt, Shapiro,
Winstein, Young, & Swinnen, 1987).
An early study investigating the effect of various
relative KR frequencies (the absolute KR frequency held
constant) on acquisition of a knob turning task was
conducted by Bilodeau and Bilodeau (1958). Results showed
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that the groups' performance did not differ, leading the
authors to conclude that absolute KR frequency is important
for learning and not relative frequency. No-KR trials were
considered as useless or neutral, having no influence on
performance (Bilodeau, 1966; 1969). Other studies found
similar results in acquisition (Baird & Hughes,

1972; Ho &

Shea, 1978; Johnson, Wicks, & Ben-Sira, 1981).
However, Bilodeau and Bilodeau based their conclusion
only on acquisition data and did not investigate the
effects of varying KR frequency on learning (Salmoni et
al., 1984; Schmidt, 1988). Studies assessing learning
effects by including a transfer design surprisingly
revealed that groups provided with a lower KR frequency in
acquisition performed either equal to (Ho & Shea, 1978) or
superior over groups that received KR more frequently
(Taylor & Noble,

1962; Johnson et al., 1981; Winstein &

Schmidt, 1990). Contrary to Bilodeau and Bilodeau, these
findings suggested that the relative frequency of KR is a
critical learning variable and that the blank trials are
not only neutral, but even enhance learning. Furthermore,
these findings contrasted with traditional theories of
motor learning that predicted no learning in the absence of
KR (Schmidt, 1975), detrimental effects of blank trials for
response capability (Adams, 1971), and better learning with
more frequent KR (Adams, 1971; Schmidt, 1975).

116
Several explanations have been suggested to understand
why

providing less KR in acquisition can aid long term

retention and learning of skills. One reason may be that
the learning of subjects in low relative frequency
conditions might have been enhanced by being provided with
more practice in relation to higher frequency groups,
because in the studies mentioned above, the absolute KR
frequency was held constant by varying the number of
practice trials such that the total number of trials
increased as the relative KR frequency decreased. Schmidt
et al.

(1987, experiment 3) tested this hypothesis by

controlling for the amount of practice and found that
providing less KR in acquisition did not reduce retention
performance as compared to a condition that received KR
after every trial. Other studies that varied the absolute
frequency holding the amount of practice constant supported
these results (McGuigan, 1959; Winstein & Schmidt, 1990;
Wulf & Schmidt, 1989).
Another explanation has been introduced in terms of a
guidance hypothesis forwarded by Salmoni et al. (1984),
which suggests two different properties inherent to KR. The
beneficial aspects are its informational and motivational
values in that it guides the learner during the acquisition
of a particular skill. The detrimental effect is that the
learner becomes dependent on it, making him unable to
maintain performance when KR is withdrawn. If a subject is
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provided with less KR he might learn different aspects of
the task. During the blank trials the learner has the
possibility to process response produced feedback that
enables him to develop error detection mechanisms that
allow him to maintain performance when KR is withdrawn.
Subjects who receive KR 100% on the other hand become
dependent on its guiding properties and neglect other
sources of error information. This might keep them from
developing an effective memory representation which causes
them to perform poorly when KR is withdrawn.
The guidance hypothesis has since been investigated
and supported by numerous researchers using ballistic
timing tasks

(Schmidt et al., 1987; Winstein & Schmidt,

1990), tapping tasks (Lee, White, & Carnahan, 1990), and
sequential timing tasks (Wulf & Schmidt,

1989). Wulf and

Schmidt (1989) were able to show evidence that the
beneficial effects of reducing the relative frequency of KR
found for single movements can be generalized to the
learning of classes of movements, i.e. to the learning of
generalized motor programs. One exception is a study
conducted by Sidaway, Moore, and Schoenfelder-Zohdi (1991),
who found the performance of a 100% KR group to be
significantly superior over reduced relative frequency
groups in retention. These results are opposite to the
findings made by Schmidt, Young, Swinnen, and Shapiro
(1989). Whether the different movement times employed by
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the two different studies account for the contradiction
deserves further examination.
The effects of providing reduced KR frequency are even
more pronounced when the number of KR trials is
systematically lowered across practice (Winstein & Schmidt,
1990, experiment 2 & 3; Schmidt et al., 1987, experiment 6;
Wulf & Schmidt, 1989). This agrees with the notion of the
guidance hypothesis that error information is most useful
early in practice when the learner is in need of guidance.
Later in practice, when the task can be performed more
easily with less augmented information, providing the
learner with less KR prevents him from becoming dependent
on it. The fading procedure therefore results in better
performance and learning as compared to 100% KR or constant
interval reduced frequency KR conditions.

Temporal Locus of KR
Research on the temporal locus of KR investigates the
question of what point in time KR should be delivered after
a trial to be most beneficial to the learner. By varying
the time of KR delivery, the duration of the KR delay, the
post-KR delay, and the intertrial interval can be
manipulated. Depending on the effect the intervals of
different lengths have on the acquisition of a motor skill,
inferences can be made about the kind and importance of
information processes going on during these intervals.
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Another way to assess Information processing activities is
to fill the intervals with a secondary activity.

It is

difficult to examine the effects of varying the length of a
particular interval by itself because only one of the other
intervals can be held constant while the other one will
always be confounded. Studies that used complex factorial
designs to control for this effect are rare (i.e. Bourne &
Bunderson, 1963).
KR-delay. During the KR-delay interval, the learner is
thought to remember aspects of the previous movement trial
in order to evaluate his memory against KR (Adams,
Schmidt,

1971;

1988). Theoretically, if this interval is too

long, the information given by KR may not be used
effectively (Ammons, 1956), because the memory of the
movement is subject to forgetting, leaving the learner with
no opportunity to strengthen the response upon KR arrival.
Therefore he may not have any basis to plan a different,
hopefully better movement on the next trial and learning
may be degraded. This hypotheses has not found strong
support. Previous research has shown that the KR-delay
interval seems not to be a variable that affects
performance. Some of the few studies that investigated the
effects on learning revealed that shortening the KR-delay
might degrade learning, others showed no effect of KR-delay
on learning.

The conclusion that KR-delay is a relatively
unimportant factor for motor learning (Bilodeau & Bilodeau,
1958b; Salmoni, Schmidt, & Walter, 1984; Schmidt, 1988) has
recently been challenged by Swinnen, Schmidt, Nicholson,
and Shapiro (1990). In contrast to previous studies in
which even the shortest KR-delay took several seconds, they
delivered KR instantaneously after completion of a timing
task and a coincident anticipation task. Subjects
performance on a transfer test revealed that instantaneous
KR degraded learning relative to delayed KR. The authors
suggested that the KR-delay interval not only serves to
remember the previous movement but that it allows the
learner to acquire error-detection capabilities by
subjectively evaluating the response-produced feedback.
Instantaneous KR interfered with these processes and
therefore had a negative effect on learning. Contrary to
earlier positions stating that the learner is simply a
holder of information during KR-delay (Schmidt, 1988), it
was argued that the learner is actively involved in
processing movement information. It is interesting to note
that Ammons (1956) had earlier suggested that if KR were
delivered too soon, then the learner might not be able to
use it because he would not have time to make an over-all
evaluation of his performance.
The performance of interpolated activities between a
trial and delivery of KR has been used to gain further

insight into the nature of the processes that might take
place during the KR-delay interval. While research
discussed above has shown that those processes are
relatively insensitive to manipulations of KR-delay
duration, interpolated activities have been found to
interfere and degrade performance if the task to be learned
or the secondary task is of sufficient complexity (Salmoni
et al., 1984). Furthermore, there is evidence that
interpolated activities verbal or motor in nature degrade
learning by blocking information processing activities or
memory of just completed trials (Boulter, 1964; Shea &
Upton, 1976). For example, Marteniuk (1986) found motor
interpolated activities to interfere with the learning of a
complex horizontal lever positioning task when the
interpolated task had to be learned as well. More recently,
Swinnen (1990) demonstrated interference of an interpolated
recognition activity on learning of a primary task where
the subject not actively performed the interpolated
movement but estimated the error of the experimenter
performing a movement very similar to the primary task.
Swinnen suggested that the interpolated activity interfered
with the establishment of a reliable reference of
correctness for the primary movement against which the
learner compares response produced feedback information to
be able to develop an error detection and correction
mechanism. Lacking such a reference of correctness, the
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subject will be unable to maintain performance when KR is
withdrawn.
These findings underline the previous notion that the
role of the KR-delay in motor learning has been seriously
underestimated. During the KR-delay the learner seems to
develop a reliable reference of correctness. If he is
prevented from doing so by removing the delay or by
performing interfering activities, learning of a primary
task will be degraded.
Some studies show however, that at least one activity
performed during the KR-delay interval, namely estimating
one's own error on the primary task, is beneficial for
learning. In the same study as described above, Swinnen
found that subjects that had to estimate their own error
during the KR-delay interval tended to perform better on
the transfer test than groups that had a free KR-delay,
although the difference was not statistically significant.
Evidence that estimating one's own error on a ballistic
timing task during the KR-delay aids learning was also
provided by a study conducted by Hogan and Yanowitz (1978).
Swinnen presented these findings as further evidence that
during the KR-delay, the learner is actively engaged in
processing movement information and error detection.

If the

self-generated error estimation activities were enhanced by
asking the subject to estimate his own error, further
benefits for learning could be shown (Magill, in press).
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The guidance hypothesis may provide an additional means of
interpreting these findings: subjects, being forced to
process other aspects of the task, may have shifted their
attention away from KR to their own movement, thereby
becoming less dependent on KR and therefore allowing them
to perform superior on a no-KR transfer test.
Post-KR delay. According to motor learning theory,
after the learner has received KR he uses this information
together with information obtained from response produced
feedback from the previous action to generate a different
and hopefully more correct response during the post-KR
delay (Adams, 1971). Assuming that these processes are
taking place during the post-KR

interval, it has been

hypothesized that decreasing the length and/or filling this
interval with a secondary activity should degrade learning.
If the subject is given too little time he may not be able
to plan the next movement properly, if he is given too much
time, forgetting might impair performance and learning.
Furthermore, less complex tasks are expected to require a
shorter post-KR interval than more complex tasks (Schendel
& Newell, 1976; Salmoni et al. 1984).
The results of many studies investigating this issue
have been discussed by Salmoni et al.

(1984) and in general

do not support this hypothesis. The effects of varying the
length of the post-KR interval on performance are not very
clear. Most studies showed that the post-KR interval has no
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effect on performance if confounded with the KR-delay
interval. Some other studies indicated that shorter post-KR
intervals degrade performance.

If the intertrial interval

was held constant, no effects of the post-KR interval on
learning were found. When the intertrial interval covaried
with the post-KR interval on the other hand, a lengthened
post-KR interval seemed to enhance learning. These results
led Salmoni et a l . (1984) to the conclusion that the length
of the intertrial interval and not the post-KR delay
interval is the critical variable for learning. Schmidt
(1988) suggested that since the tasks used are mostly very
simple, the processing might occur very rapidly and thus
they might be insensitive to varying lengths of the post-KR
delay.
As mentioned above, it has been widely hypothesized
that activities during the post-KR delay interval will
interfere with information processing and therefore degrade
learning and performance. This hypothesis has been
supported by Bendetti and McCullagh (1987) and Swinnen,
(1990). Both studies used timing tasks as primary
activities and attention demanding cognitive tasks as
secondary activities.
While several studies revealed no effect of
interfering activities on performance (Magill, 1977; Blick
& Bilodeau,

1963), Lee and Magill

(1983), using a more

complex rapid motor timing task, demonstrated detrimental

effects of interpolated verbal and motor tasks only in
acquisition. Subjects had to learn the primary and
secondary task and received KR on both. Contrary to common
expectations, this effect did not carry over to a transfer
test, indicating that the interpolated activities during
acquisition did not degrade the learning of the timing
task. Interestingly, Lee and Magill (1987) found evidence
that interpolated activities during acquisition in
combination with larger post-KR duration actually improved
learning of the primary task. This finding was further
supported by a study conducted by Meeuwsen, Magill, and
Mathews (1986), using a two-segment tapping task. The
results were in strong disagreement with the commonly held
view that interpolated activities during the post-KR delay
impair learning. It was demonstrated that interpolating
activities did not impair the learning of a primary task
and in addition could facilitate performance of a novel
variation of this task. The authors pointed out that
practicing an unrelated mirror tracing task as interfering
activity was just as beneficial for the novel response
transfer as practicing goal task variations. This finding
is in contrast to schema theory that would predict
experience with goal task variations to be advantageous for
novel task performance (Schmidt, 1975). Meeuwsen et al.
(1986), therefore suggested that the interfering activities
caused the subjects to forget the action plan constructed
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during the previous trial, forcing them to engage in
problem solving activities over and over again. This way
the learner may have developed a stronger memory
representation of the task, practiced to develop action
plans and was thus better prepared when faced with novel
response situations (Magill, 1988).
In summary, many findings in the literature do not
conform with the traditional view that performance and
learning should be optimized by providing the learner with
a reasonably long and free post-KR delay interval. KR has
been shown to help the learner to establish a reference of
correctness and to plan the next movement, but in order to
assure that a movement will be learned, i.e. can be
performed without KR, additional factors must be
considered.

It seems that certain techniques that enhance

the learner's processing of internal and external
information and problem solving activities facilitate the
acquisition of motor skills. These techniques are for
example estimating one's own error during the KR-delay
interval or introducing interfering activities during the
post-KR delay interval.
Different Modalities of Augmented Feedback
For the learning of many motor activities, information
about the nature of the response outcome in relation to an
external goal in form of KR does not provide sufficient
informational support (Newell & Walter, 1981). Another way
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of helping a learner to acquire a certain movement skill is
giving information about the pattern of action just
produced. Gentile (1972) proposed that what she called
knowledge of performance (KP) would be the most beneficial
if a closed skill has to be learned since closed skills
demand the acquisition of very specific movement patterns
that must be consistently repeatable.
However, KP may also be a useful aid for the
acquisition of open skills. For example in cases were the
learner does not know what to alter in his movement to
achieve a certain movement outcome, providing KP may be
helpful because it pertains to specific errors committed
during movement execution. While this information is given
mostly verbally in experimental
1979) and applied settings,

(e.g., Wallace & Hagler,

it can also be conveyed by

means of videotape replays or graphic kinematic or kinetic
d isplays.
Videotaped feedback. An extensive review of literature
by Rothstein and Arnold (1976) revealed some evidence for
the effectiveness of videotape feedback under certain
circumstances: Videotape feedback seemed to be most
effective if the learners were directed to certain aspects
of the replay and for advanced learners, supposedly because
they knew what to look for as opposed to beginners

(Newell,

1981; Salmoni et al., 1984). Newell (1981) suggested that
videotaped feedback might be more beneficial in combination
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with a taped demonstration of an expert performer than if
shown alone. Several studies supported this view by showing
that a videotaped expert model in conjunction with
videotaped feedback was beneficial for learning of a
multiple component paddle movement (Carroll and Bandura,
1985) and dart-throwing (Del Rey, 1978).
Selder and Del Rolan (1979)

found videotape feedback

more beneficial than verbal feedback for certain aspects of
a balance beam routine. However, in a study conducted by
Koga (1989), where a subject had to learn the novel
muscular activity of moving an auricle, videotaped feedback
was not reported as being very useful. What the subject
could see on videotape in this task was merely the outcome
of whether or not the auricle moved. The videotape did not
give any information about how this outcome was achieved
or, if it was not, what errors the subject made, since
moving an auricle does not require any external body
movement.
In general, there is some evidence that videotaped
feedback can aid motor learning. This appears to be the
case especially if the task cannot be visually monitored
during its execution. There is also evidence that sometimes
videotaped feedback may be more beneficial than verbal
feedback. This issue clearly deserves further study.
Kinematic and kinetic augmented feedback. A benefit of
kinetic or kinematic augmented feedback is that it allows
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the presentation of only the critical information. This
eliminates the problem occurring with videotape replays
where the learner might get confused by attending to
irrelevant cues (Newell & Walter, 1981). Kinetic or
kinematic augmented feedback can be delivered by presenting
the subject with graphic displays on computer screens or
paper about for example velocity-time or force-time
characteristics of the just completed movement. Not many
studies employed kinematic or kinetic displays as
information feedback, but those that did have yielded
promising results.
An early study by Howell (1956) reported that subjects
who received augmented kinetic feedback in form of force
time graphic displays of a sprint start were faster and
more regular than a group that received traditional
instructions. A later study conducted by Hatze (1976)
demonstrated that augmented kinematic feedback in form of a
velocity-time curve was beneficial for learning. Initially,
subjects were provided with KR about movement time on a
rapid leg lift. After about 100 trials the subject's
performance did not further improve. Hatze then gave
terminal kinematic feedback in form of a time-velocity
curve together with a time-velocity curve showing the
subjects projected optimum performance. Subjects
immediately decreased movement time and after about forty
trials reached their optimum performance. While this study
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implemented kinematic feedback in a later stage of
practice, it would be interesting to see whether subjects
could benefit from this form of kinematic information in
early practice, and also whether this effect would carry
over to a no feedback transfer test.
Different from Hatze (1976), Newell, Quinn, Sparrow,
and Walter (1983) did not provide subjects with a kinematic
display of the optimal performance. Nevertheless, they
found evidence that a group receiving continuous timevelocity augmented feedback in form of a graphic display on
a rapid lever movement outperformed a group receiving
traditional KR on movement time and a no KR group.
Unfortunately, Newell et al. also did not use a transfer
design to assess permanent effects of kinematic information
feedback.
Kinematic and kinetic information feedback have been
recognized as a potentially powerful variable in skill
acquisition, but it has not yet been very much
investigated. Problems with existing research are that only
performance effects and not learning effects of kinematic
augmented feedback were assessed and that often task were
employed were the pattern and the environmental goal was
identical, reducing the kinematic information to KR
information (Schmidt & Young, 1991). Recently, Schmidt and
Young (1991) introduced a new paradigm for the
investigation of kinematic feedback designed to overcome
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these problems and to help to understand skill acquisition
in real world teaching settings which commonly involve
complex skills, as opposed research on KR that employed
mostly very simple, one degree of freedom movements (see
Schmidt & Young, 1991, for further discussion).
While Schmidt and Young emphasize the use of kinematic
augmented feedback as KP, i.e., given as information about
the movement pattern, kinematic augmented feedback may also
be useful as KR in providing information about movement
outcome, as shown by Hatze (1976). In later stages of
learning where, according to Newell (1985), the scaling of
the coordination function takes place, KR as kinematic
augmented feedback may help the learner to acquire the
appropriate movement parameterization (i.e., how fast, how
forceful). As seen in the previous section on KR precision,
later in learning the learner seems to be in need of more
precise information than early in learning. Graphic
displays of kinematic and kinetic feedback can be even more
precise than verbal KR and therefore may benefit the
learner who is already in a reasonably advanced stage of
learning. The possible contribution of kinetic and
kinematic augmented feedback to motor learning has recently
been approached theoretically and empirically within a
framework of topological dynamics by Newell and colleagues
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(see Newell & McGinnis,
1985; Newell & Walter,

1985; Newell, Morris, & Scully,
1981; for further discussion).

Learning Without KR
For the learning of certain tasks, augmented
information in the form of KR or KP might not be necessary.
These are tasks that provide the learner with sufficient
information through inherent visual, auditory, or
kinesthetic feedback. An important characteristic of these
tasks is that the learner can use information given by the
environment as a reference of correctness against which he
can evaluate his own movement (Magill, in press).
Using a linear positioning task, Wrisberg and Schmidt
(1975)

found evidence that blindfolded subjects could

reduce their constant error to nearly zero by using task
inherent kinesthetic information. Over practice, the
development of a recognition mechanism allowed them to
guide their response to the correct location in the absence
of KR. In this study, subjects were passively presented
with the standard after every trial which may be considered
as a form of augmented external information (Newell,

1976).

Newell (1976) therefore let subjects listen to the sound of
a rapid linear timing task performed by the experimenter
prior to no-KR practice. Subjects significantly decreased
movement error over the initial no-KR trials,

evaluating

the auditory sensory consequences against a previously
formed recognition mechanism or perceptual trace.
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Evidence that subjects can acquire a response in the
absence of KR on a coincidence anticipation timing task has
been provided by Haywood (1975) and Magill, Chamberlin, and
Hall (1991). While Wrisberg and Schmidt (1975), Newell
(1976)

and Haywood (1975) did not employ retention tests,

Magill et a l . (1991) used retention tests and transfer
tests with novel speeds to assess motor learning of the
task. For different groups, KR was withdrawn after
different amounts of practice and one group was provided
with no KR. Subjects watched a light approaching them on a
trackway and were required to knock over a barrier with a
bat by the time the light would coincide with a target in
front of the subject. Results revealed no differences
between all groups in retention indicating that the task
inherent visual information about goal achievement was
sufficient to help them to learn the task, making augmented
KR redundant. Moreover, the same results were found for the
transfer test, showing that subjects acquired the ability
to generalize from the learned speed to novel speeds.
The research discussed here employed rather simple tasks
and it would be interesting to see if how redundancy of KR
would affect the acquisition of more applied, real world
tasks. In the case of ball catching or object catching is
required as, for example, in rhythmic gymnastics, the
learner can very well recognize whether she caught the
object or not, which would make movement outcome

134
Information in form of KR redundant. What she might not
know, though, is why she failed to catch the object, and in
this case providing KP could be the critical variable to
enhance learning. Therefore, for more complex tasks, KR
could still be redundant in certain instances, but other
forms of augmented information might become necessary to
facilitate and improve motor learning.

Conclusions
Researchers have agreed for a long time that KR is a
potent and important variable for skill learning (Bilodeau
& Bilodeau,

1969; Adams, 1971; Schmidt,

1975), and have

predicted that the more frequently KR was given the more
enhanced motor learning would be. However, recent research
has provided evidence that learning seems to be facilitated
if the learner can actively be involved in the processing
of response-produced information and in problem-solving
activities. Studies on KR frequency have shown that one way
to accomplish this is giving the learner less frequent KR.
Research on the temporal locus of KR has shown that
contrary to earlier views that the KR-delay interval is not
an important variable for the learning process and may only
serve to remember the previous movement, eliminating the
KR-delay interval has detrimental effects on skill
acquisition because the learner may be prevented from
subjectively evaluating response-produced feedback that
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allows him to acquire error-detection and correction
capabilities.

If on the other hand, the learner estimated

his own error during the KR delay, learning was improved.
Furthermore it has been demonstrated that interpolated
activities performed during the post-KR interval can
enhance learning because they may cause a forgetting of the
action plan constructed during the previous trial and thus
force the learner to repeatedly engage in problem solving
activities.
The type of information conveyed through KR, i.e.,
information about the response outcome in relation to an
environmental goal or an error score, has been shown to
enable the learner in conjunction with physical practice to
develop error detection and correction mechanisms and a
mental representation of the criterion movement. However,
if the environment or the response itself provide the
learner with sufficient feedback about the movement outcome
or error, KR does not convey any additional information and
becomes redundant.
Many studies that found KR to facilitate motor skill
acquisition employed timing tasks that subjects could
readily perform but required the subjects to learn to
perform the task in a certain speed. KR therefore seems to
be a useful means of conveying information that pertains to
the scaling or parameterization of certain movements based
on the subjects' performance.
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The degree to which KR can aid the learning process
seems to be related to the stages of learning. Early in
practice KR may be most beneficial if provided more
frequently but with less precision, because the learner is
in need of guidance and lacks the information processing
capabilities to utilize more precise KR. Later in practice,
less frequent KR may prevent the learner from becoming
dependent on it while drawing his attention to responseproduced feedback. In this stage however, the learner may
have developed the information processing capabilities to
be able to utilize information from more precise KR.

Modeling and KR as Interacting Variables
Modeling and KR seem to play different informational
roles in the learning process, which may explain why
researchers have tended to investigate them separately.
However, a closer look at their functioning reveals some
commonalities between them. While the information obtained
from a model is different from the information obtained
from KR, a learner seems to be able to use either source of
information as a basis for learning a skill.
Modeling differs from KR in that it is an instruction
based mode of information that gives the learner clues as
to what he is supposed to do and how he can achieve a
certain goal. It has been suggested that by watching a
model, the learner can receive information about the
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movement pattern and coordination (Scully & Newell, 1985).
KR on the other hand is a response based mode of
information that informs the learner about the outcome of
his movement in relation to the environmental goal. Here
the individual is told explicitly that he made an error and
the size of the error, but he receives no information about
how to change the response in order to correct the error.
An important question that arises therefore is in what
situations do the two variables convey the same information
to the learner, making one or the other redundant, and, in
what instances do they convey different information to the
learner. However, only recently has the issue about how
these two variables might interact been addressed
(Schoenfelder-Zohdi & Magill, 1990).
One view of KR and modeling is that both are used to
develop a memory representation of the skill as well as
error-detection and correction capabilities. According to
motor learning theory, KR helps the learner to develop
schemas (Schmidt, 1975) or traces (Adams, 1971) that
provide the basis for initiating and carrying out actions
and for detecting and correcting errors. The learner
relates information about the actual environmental outcome
provided through KR to the intrinsic sensory consequences
of the movement just produced. Over practice, the learner
reduces the error with the help of KR and comes closer and
closer to the correct response. This way he can establish
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an increasingly strong memory representation of the correct
movement.

Similarly, social learning theory (Bandura,

1969;

1977) has argued that the mechanism of learning developed
from observing a model is a memory representation of the
observed behavior. This perceptual blueprint (Sheffield,
1961) or symbolic representation of the skill later guides
overt performance.

It follows then that both a model and KR

can help the learner to acquire a mental representation of
the criterion task that guides him towards correct overt
performance.
There is also empirical evidence in the literature
that a mental representation and error-detection and
correction mechanisms can be developed from the information
conveyed by both KR and a model, respectively. Learning
seems to be enhanced if the learner has to actively process
response produced information, and this may be achieved by
giving him KR or a model. While numerous studies supported
the view that KR helps the learner to develop a memory
representation and error-detection and correction
capabilities, more recent research showed evidence that
less frequent KR yields even stronger learning effects.
Contrary to earlier predictions of motor learning theory
that learning should be better with more KR and no learning
should take place without KR, research revealed that a
reduced relative KR frequency does not impair or even aids
learning (Johnson et al.,

1981; Schmidt et al.,

1987; Wulf
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& Schmidt,

1989). It has been suggested that during the

trials were the learner does not receive KR, his attention
is drawn to other sources of information,

forcing him to

process response produced feedback. This prevents him from
becoming dependent on KR and allows him to maintain
performance after KR is withdrawn.
Research has shown that subjects can learn movements
from being exposed to a model without ever receiving KR
(Schoenfelder-Zohdi & Magill,

1990). There is evidence in

support of social learning theory that the learner forms a
mental representation by symbolically coding and rehearsing
the observed behavior (Jeffery, 1976). For simple tasks, it
has been found that after attending to a model, subjects
could almost immediately enact the criterion task correctly
(Newell, 1974). For more complex tasks, additional practice
in combination with a model becomes necessary to learn the
movement. The learner has to actively process response
produced feedback and look for discrepancies between his
own movement (not only the outcome) and either the model's
demonstration or his mental representation of it, if the
model was only presented initially. In KR paradigms it has
been shown that learning is enhanced when the learner
becomes an active agent in the error detection and
correction process by giving him trials without KR. In the
modeling paradigm,

learning occurred without the learner

ever receiving external error information.

It seems
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therefore that learning can be facilitated by getting the
learner to actively process response produced information,
and this can be done by providing him with less frequent KR
or by providing him with a model. In fact, several studies
have provided evidence that supports this notion that there
can be no difference in learning between groups that
received a model and groups that received KR: Bird and
Rikli,

1983, with linear positioning, McCullagh and Lethi

(1989), with a low strategy tapping task, McCullagh and
Little (1989), with a barrier knock down task, and
McCullagh and Caird (in press), with a timing task.
The only study that investigated modeling and KP
interactively so far (Schoenfelder-Zohdi & Magill,

1990),

indicated that when looking at the overall performance of a
complex rhythmic gymnastics rope skill, groups receiving a
model only or KP only or both a model and KP did not
significantly differ, which implied that the information
provided by KP and a model was redundant to a certain
extent. However, by examining the KP profile for the
different groups in relation to the movement segments
(Magill & Schoenfelder-Zohdi, 1991), it was found that the
group that received a model needed different augmented
feedback statements more or less frequently than the group
that received verbal instructions but no model. It
therefore seems that subjects could learn the movement on
the basis of information provided by a model alone and on
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the basis of information provided by KP, but by comparing
the need for specific KP statements for the group that
received a model and KP and the group that received verbal
instructions and KP, it could be inferred that the
information provided by KP and a model were different in
nature. Subjects who observed a model needed only a few
statements related to the coordination of the movement,
supporting Newell's (1985) notion that a model primarily
serves the establishment of the coordination of the body
parts. Furthermore, the overall movement quality or form
resembled the expert m odel's demonstration closer in groups
that had received a model as opposed to groups that had not
received a m odel.
Modeling and Augmented Videotaped Feedback
Feedback as an additional source of information to a
model is thought to facilitate the learning process in
helping the learner to detect errors committed during
practice of the observed behavior (Newell, Morris, &
Scully, 1985). A frequently used augmented feedback
modality investigated in combination with observational
learning is videotaped feedback of the learners own
performance, either presented concurrently (Carroll &
Bandura, 1982, 1985, 1987) or after practice trials (Del
Rey, 1978; Ross, Bird, Doody, & Zoeller,

1985). Videotaped

feedback resembles an exact and immediate source of
information about the learner's performance (Trower &
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Kiely# 1983), and gives him the opportunity to identify
errors he is unable to detect from intrinsic or visual
feedback. However, to utilize the information provided by
videotaped feedback, the observer needs to have the ability
to recognize the differences between his own performance
and his internal conception of the model's demonstration in
order to make corrective adjustments.
However, Ross, Bird, Doody, and Zoeller (1985) found
that learning a barrier knock-down task was not facilitated
for subjects receiving both a model and videotaped
feedback, indicated by their worse performance on a
retention test as compared to groups receiving a model
only, videotaped feedback only, or physical practice and
KR. The barrier knock-down task differs from the paddle
movement and dart throwing task in several aspects. One is
that by performing the barrier knock-down task, the subject
can see the action of his own arm, thereby automatically
receiving visual feedback. It may be that for tasks in
which visual feedback is readily available, augmented
videotaped feedback as additional information is redundant
or even detrimental as shown by Ross et al.(1985).
Another aspect concerns the goal of the barrier knock
down task. If the primary goal is the achievement of a
certain movement time rather than a specific movement
pattern, then watching a model and receiving videotaped
feedback may be too much information confusing the subject
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and actually hindering skill acquisition. From an
information processing point of view, the subject is
required to compare the memory of the incorrect movement
time (obtained from the videotaped feedback) to the correct
movement time presented by the model and to his internal
representation of the movement. Then the subject uses this
information to plan and execute the next response.

It is

possible that the information obtained from these different
sources exceed the processing capacity of the learner,
possibly because the cognitive representations of the to be
remembered times interfere, which subsequently impairs the
acquisition of a correct response. The study by Ross et al.
has shown that

reducing the number of information sources,

i.e., providing subjects with either a model or videotaped
feedback, resulted in better retention.
Concurrent and delayed videotaped feedback. Whether
delayed or concurrent visual feedback is more beneficial
for the acquisition of motor skills may be related to the
duration of the task to be learned. For a task of longer
duration comprised of eight different sequential component
movements, Carroll and Bandura (1985) found that delayed
visual monitoring did not affect the acquisition of the
movement pattern to be learned. The authors suggested that
viewing his own performance after i t 's completion did not
allow the learner to immediately detect discrepancies
between action and cognitive representation of the movement
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as would be possible by viewing his own performance
concurrently. In subsequent trials, the learner had to rely
on his memory of committed errors and in addition was
lacking the information provided by immediate feedback
about whether he was successful in correcting them or not.
Contrary to Carroll and Bandura (1985), Del Rey
(1978), employing a darts throwing task of much shorter
duration, showed that subjects receiving delayed augmented
visual feedback in combination with a model were
significantly superior in form and accuracy than subjects
receiving a model and KR. Del Rey suggested that KR just
informed the subjects about the accuracy of their throw but
did not provide information of how to become more accurate.
Delayed augmented visual feedback on the other hand served
as knowledge of performance, conveying information about
the movement form.
In this experiment, delayed augmented videotaped
feedback might have been beneficial because a darts
throwing motion is a movement of very short duration, and
subjects might have been able to retain the errors
identified by watching the video display and to correct
them on the following trials. In the study conducted by
Carroll and Bandura (1985), trying to remember all the
errors identified by watching their own performance of the
task of longer duration may have exceeded the learners'
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memory capacity. Therefore they may have been unable to
adequately correct their performance on subsequent trials.
While there is some evidence that concurrent visual
feedback may facilitate the acquisition of motor skills,
most skills do not lend themselves to concurrent visual
monitoring because they require the performer to either
change his position during movement execution (to turn his
head or whole body) or to cover more or less distance in
space, making him unable to observe a video screen at the
time of movement execution. It deserves further study to
determine if a model in combination with delayed visual
feedback that serves as knowledge of performance can aid
the learning of motor skills of different lengths.
Temporal placement of visual feedback. In a study
conducted by Carroll and Bandura (1982), videotaped
feedback did not facilitate the acquisition of a modeled
movement pattern during the first trial blocks, because,
they argued, the subjects had not yet developed an adequate
cognitive representation of it. The model demonstrated a
movement with a light-weight paddle device in his hand,
consisting of eight different components. All components
were performed outside the visual field of the actor, thus
making visual feedback unavailable. Four different groups
practiced the task with different schedules of visual
monitoring: visual feedback throughout practice, visual
feedback on the first three trials, visual feedback on the
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last three trials, no visual feedback. All subjects
performed an immediate three-trial transfer test without
the aid of a model or visual feedback. Subjects conception
of the modeled pattern was also assessed. Results indicated
that subjects receiving videotaped feedback throughout and
during the later phase of enactment were superior during
acquisition and when the model and feedback were withdrawn.
The conceptual representation of the movement pattern
developed as a function of exposure to the model and
paralleled increases in reproduction accuracy.
According to Carroll and Bandura (1982), the data
provided evidence for the social learning view that
observing a model aids in developing a cognitive
representation of the movement. Once the cognitive
representation had been developed, the process of
observational learning could be optimized through the use
of augmented visual feedback that helped the learner to
detect and correct errors to decrease discrepancies between
his conception of the modeled pattern and his own
performance. Other studies using the same task showed
results in support of these findings (Carroll & Bandura
1985; 1987).

Augmented Feedback for the Model
Another way to convey additional information to the
learner in the modeling process is to provide him with the
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feedback of

the model. Different from most modeling

research discussed previously that used expert models, most
studies investigating this issue employed models that were
learning the criterion skill (Adams, 1986; McCullagh &
Caird, in press; Lee & White,

1989).

Seeing the model's

errors and what is done to correct them may involve the
learner actively in the problem solving process and help
him acquire error-correction techniques (Adams, 1986),
which subsequently could benefit the development of an
adequate cognitive representation of the movement.
Employing a timing task, Adams (1986) showed that
subjects who observed a learning model receiving KR
outperformed subjects observing a learning model only or a
physical practice with KR group. Lee and White (1989)
replicated this study using a computer game as experimental
task and found strong support for Adams' finding that
watching a learning model resulted in large observational
learning benefits. However, as McCullagh and Caird (in
press) noted, there were certain problems with Adams'
(1986) investigation. Adams did not separate the effects of
modeling and KR since all groups received KR during
practice. Also, the study only assessed performance since a
retention test was not administered to look at learning
effects. McCullagh and Caird further criticized that Adams
did not include a correct model condition. It was therefore
not possible to determine whether a correct model would aid
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the learner to develop a more accurate cognitive
representation than a learning model would.
Therefore, McCullagh and Caird (in press) designed a
study to compare a correct model condition, a learning
model condition with and without KR respectively, and a
physical practice with KR condition on acquisition and
retention of a timing task. Results indicated that subjects
in the learning model with KR condition

and in the

physical practice with KR condition were superior in
acquisition and retention compared to the other two groups.
This study provides another piece of evidence that subjects
can acquire a task with the help of information obtained
from a model just as well as with the help of physical
practice with KR. These findings seem to be not accounted
for by Schema theory (Schmidt, 1975), which states that
learning can be enhanced by strengthening the individual's
schema through variable practice conditions and KR. The
findings indicate that observing variable demonstrations in
form of a learning model without receiving KR about one's
own movements can have the same effect.
By the same token, Newell (1976) showed that subjects
could develop a response recognition mechanism by merely
listening to the auditory response produced feedback
produced by the experimenter-model rapidly moving a linear
slide. The demonstration, although close to the target of
100 msec, varied from trial to trial. Subjects were able to
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reduce movement error over no KR practice. The results call
into question the dominating view in the motor learning
literature that KR about one's own movements is the most
potent variable for learning, because the subjects
receiving a model and the model's KR never received KR
about their own movement and performed just as well as the
physical practice with KR group.

Conclusions
There is evidence that KR and modeling are two
powerful variables that both can facilitate the motor
learning process. While the nature of information conveyed
by modeling and KR is different, it seems that the learner
can acquire a memory representation and error detection and
correction capabilities with the help of either variable.
The mechanisms underlying the learning of a skill may
differ from a theoretical point of view depending on what
source of information the learner was provided with.
However, empirical evidence has shown that learning can be
facilitated by getting the learner to actively process
response produced information, and that this can be
achieved by providing the learner with KR or an expert or
learning model. Therefore, in the early stages of learning
where a memory representation may be formed, providing a
learner with a model and KR may be redundant and lead to no
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further Improvement than providing the learner with KR or a
model only.
However, some research has shown that providing the
learner with KP and a model in the early stages of learning
can also be detrimental for skill acquisition. This was the
case when the response based mode of information consisted
of videotaped feedback of the performance of a timing task.
The different information conveyed by videotaped feedback
and a model may have interfered and thus impaired the
acquisition of a correct response. Furthermore, research on
temporal placement of videotaped feedback suggested that a
learner may be able to utilize this source of information
after he has developed an idea of the movement and
proceeded to later stages of learning. Perhaps these
effects were found because videotaped feedback is a very
complex source of information that may have been difficult
to process for a beginner.
While both modeling and KR may help the learner to
acquire a an idea of the movement in the early stages of
learning, research has shown that the learner accomplishes
this on the basis of apparently different information these
two sources provide. Whereas a model seems to primarily
convey information about movement coordination, KR or KP
may be given in terms information about movement control or
parameterization. In later stages of learning then, where a
fine tuning of the movement takes place, the learner may be
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in need of unique information from one or both sources,
depending on the characteristics of the skill to be
learned. In the following section, the question of what the
practical implications are for the utilization and
investigation of modeling and KR for skill acquisition will
be addressed.

Future Research Directions
In this review, research on motor skill learning has
primarily been focused on investigating the question of how
a learner processes information provided by demonstrations
and KR. While this is an important issue in understanding
the acquisition of motor skills, the question of what
information is processed is of at least equal importance
and has not received much attention (Newell, 1991).
Depending on the type of task to be learned and the stage
of learning of individual, different types of information
may be needed. Without determining what information a model
and KR provide, it becomes difficult to decide when to give
the learner what type of information to help the
acquisition of a certain skill best. Therefore, in order to
make predictions about potential interactions of modeling
and KR and to decide in which cases which mode of
information may be of greatest benefit for specific
situations, the different dimensions of the learning
process need to be analyzed.

First, the different information roles played by KR
and modeling in the learning process need to be identified.
One means of addressing this issue can be found in the
visual perception literature which provides useful ideas of
how to investigate the nature of information a model
conveys.

For example, the demonstration can be modified by

using point-light displays (explained in the section about
modeling and visual perception) and then either enhancing
or masking points thought to be critical for the
acquisition of a certain skill. If, in fact, observation of
certain points conveys important information to the
learner, then manipulating these points in the described
manner should lead to improved or degraded learning,
respectively. Of course it is important to remember that
learning should be assessed not only based on outcome
scores, but also based on the subject's performance (Feltz,
1982), because a model primarily conveys information about
the movement pattern with the outcome being just a part of
the whole demonstration.
Second, the task to be learned needs to be carefully
analyzed regarding its complexity, novelty, and goal. The
goal refers to whether the acquisition of the movement
coordination or scaling of an already existing movement
pattern is desired. Furthermore, the goal may greatly
differ depending on whether the criterion task is a closed
or open skill.
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Third, one of the most important issues tht needs to
be addressed relates to the stage of learning the subject
is in. Since different information may be needed at
different stages of the process of skill acquisition it is
important to identify what information a learner needs in
the different stages of learning. To accomplish this, a
reasonably complex task should be chosen that cannot be
performed from just a few observations or practice trials.
Furthermore, the subjects should be followed over a
sufficient time span to allow them to actually reach a
level of proficiency associated with later stages of
learning.
Since the early stage of learning has been suggested
to be more cognitive in nature in that the learner attempts
to get an idea of the movement (Gentile, 1972), a model may
be an important means of conveying the idea of what it is
the learner is supposed to learn and how a certain movement
goal should be achieved, since a model may primarily convey
information about the movement coordination (Newell, 1985).
However as research has shown, a learner can also get this
idea of the criterion movement from verbal instructions and
KR or KP as well. Therefore, in general, in the early
stages of learning, the learner can develop an idea of the
movement and acquire the gross coordination of the movement
with the information provided by a model just as well as
with the information provided by KR or KP. In other words,
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a learner observing a model would not further benefit from
receiving additional KR or KP and vice versa.
One way to test this prediction would be to use a
model/no model by KP/no KP experimental design employed by
Schoenfelder-Zohdi and Magill

(1990). For example, a

variety of novel complex open and closed skills could be
investigated using this design to examine whether the gross
coordination of the tasks can be learned from information
provided by a model as well as from information provided by
KP.

In the early stages of learning, subjects observing a

model, subjects receiving KP, and subjects receiving both
KP and a model should perform equally but better than
subjects that received neither.
While Schoenfelder-Zohdi and Magill (1990) used KP
statements as augmented performance based information
feedback after action, it is also possible to give KR,
given that KR can be derived from the criterion task. For
open arid closed skills, knowledge of performance (KP) may
in some cases be more effective than KR. Like KR, it also
pertains to performance based information but it informs
the learner about errors in the movement pattern, rather
than about errors in the movement outcome. KP may be
especially effective if the learner himself cannot identify
what in his movement does not resemble the model's movement
or what in his movement production is the cause of a
failure to produce a certain movement outcome.
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However, a more thorough analysis can be performed
when using KP statements, because they may relate to
different dimensions of the task and the movement pattern.
KR on the other hand usually relates to only one dimension
and only to the movement outcome. Furthermore, KR may not
always be applicable to complex, real world skills (Schmidt
& Young, 1991).
By analyzing the profile of the KP statements given to
subjects that received a model versus subjects that did not
receive a model, it could be determined what information
the model did provide and what information the model did
not provide, as indicated by a need for specific additional
information given through KP (Magill & Schoenfelder-Zohdi,
1991) . The analysis could be taken one step further by
examining whether the profile of KP statements changed in
relation to the stage of learning the subject was in. If
the subject acquires primarily the relative motion of body
parts or the movement coordination in the early stages of
learning, as suggested by Newell (1985), then subjects
receiving a model should not need more frequent statements
related to the movement pattern. Subjects receiving no
model however may need more frequent statements related to
movement coordination.
Gentile further suggested that in later stages of
learning, where the fine tuning of the movement takes
place, the goals are different for closed versus open
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skills. In closed skills the learner has to fixate the
movement pattern acquired in the early stages of learning,
whereas in open skills, the learner needs to diversify the
skill. Since in closed skills the same movement pattern has
to be improved to become highly repeatable with the fewest
variations, a model might be most useful because it conveys
information to the learner related to the movement pattern.
The learner can see how exactly the skill has to be
performed and what the model does to produce this pattern.
For closed skills that are not directed toward a
quantitatively measurable outcome and where the major
emphasis is on movement pattern, form and quality,

(as in

gymnastics, rhythmic gymnastics, figure skating), using a
model may be most effective.
This prediction (as well as the following predictions)
can be tested within the same experiment described above.
However

this type of closed skill could only be

investigated with KP as performance based information,
because the movement goal is the movement pattern and not a
quantitatively measurable outcome. Subjects would need to
be required to practice long enough to enter later stages
of learning to allow to investigate whether a model or KP
or both would affect the progress of learning differently
in these stages. For the type of closed skills mentioned
above that emphasize the movement pattern and are not
directed towards a quantitatively measurable outcome, in
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the later stages of learning it is expected that subjects
observing a model and subjects observing a model and
receiving KP should perform about equal but both better
than subjects receiving KP only. An analysis of the KP
statements would be expected to yield the following
profile. Subjects receiving KP only and no model may need
more statements related to the movement pattern and form,
whereas subjects receiving both a model and KP may require
fewer statements of that kind. Since parameterization plays
a minor role in that type of closed skill, both groups may
not need many statements related to the scaling of the
movement.
However, closed skills that have as a goal the
production of a quantitatively measurable outcome (as
javelin throwing, swimming, high jumping), and require the
acquisition of an optimal parameterization of the movement,
a model in conjunction with KR may be most effective. Here,
in addition to learning a highly fixed movement pattern,
the learner also needs information about the outcome of his
performance in order to relate it to how the movement felt
to be able to make adjustments in the movement control. For
this type of skill, subjects receiving a model and KR
should perform better than subjects receiving a model only
or KR only. Subjects observing a model only are expected to
show

better performance regarding movement form, whereas

subjects receiving KR are expected to show better
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performance regarding the scaling of the movement. If KP
was used as the variable conveying performance based
information, an analysis of the KP statements would show
that subjects observing no model were in need of more
additional information regarding the movement form than
subjects observing a model and receiving KP. There should
be no major differences regarding statements related to
movement parameterization.
For open skills on the other hand, in later stages of
learning, augmented information about the movement outcome
in relation to the environment in the form of KR may be
most useful. This would be expected since the learner needs
to know which variations in the movement produced which
outcome to be able to learn what kind of diversifications
are most effective. In the early stages of learning the
coordination of a basic movement may have been acquired,
but in the later stages of learning a diversification of
that movement can be achieved by learning various different
ways of scaling the movement to enable the learner to
perform a broad spectrum of responses. A typical example
for open skills are many sports games, in which so many
different situations can occur that it would be impossible
to provide a model for all possible configurations.
Furthermore a model may be not an effective means of
providing information about the movement parameterization
(Scully & Newell, 1985; Mueller & Magill, 1991).
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In this case, subjects receiving KR or subjects
receiving KR and a model are expected to outperform
subjects receiving a model only. While KR can be related to
open skills with a quantitatively measurable outcome, KP
may also be helpful if the learner does not know what
movement components are responsible for his failure to
achieve the desired outcome. If open skills are
investigated with KP statements as performance based
information after action, subjects receiving a model may
need statements related to the movement parameterization
not less frequently as subjects receiving KP and verbal
instructions, because a model may not convey information
that can be used to improve the scaling of the criterion
skill. In summary then, in later stages of learning, the
groups may perform differently depending on the information
they were provided with and the nature of the task to be
learned.
To better understand the role of information in motor
skill learning, more systematic research is needed. Besides
investigating how information from different sources like
modeling and KR may be processed, it needs to be identified
what information these sources convey. This is a basic
necessity and prerequisite for the examination of how
different sources of information can affect the motor
learning process. Furthermore, the process of skill
acquisition may be optimized by using both modeling and KR,
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depending on the type of task used and the stage of
learning the subject is in. It therefore would be useful to
also investigate these two variables interactively and not
only in isolation.
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Footnotes
lln this review, the term KR will be used, but it
refers to both KR and KP.
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MOTOR BEHAVIOR LAB

DEPARTMENT OF KINESIOLOGY

LOUISIANA STATE UNIVERSITY
INSTRUCTIONS
- Please step on the ski simulator facing the lights.
- Make the platform move back and forth by performing
slalom-type movements to the sound of the metronome.
- At the same time, perform the movement with the largest
possible amplitude (slide the platform as far to each
side as possible).
- You will be scored according to how closely you match the
movement with the sound of the metronome in relation to
the amplitude of the movement. The closer the movement
frequency resembles the prescribed frequency and the
larger the amplitude, the higher the score.
- Please raise your arms to a 90 degree angle at the side
of your body and keep them elevated throughout practice
to avoid covering up the reflectant balls.
- You will practice the movement for 1 1/2 minutes and then
rest for 1 1/2 minutes. Please sit down on the designated
chair during the rest period and watch the videotaped
demonstration.
- This sequence will be repeated 7 times.
- The experiment takes about 35 minutes.
- If you have questions, please do not hesitate to ask.
Thank you very much for your participation.
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MOTOR BEHAVIOR LAB

DEPARTMENT OF KINESIOLOGY

LOUISIANA STATE UNIVERSITY
INSTRUCTIONS
- Please step on the ski simulator facing the lights.
- Make the platform move back and forth by performing
slalom-type movements to the sound of the metronome.
- At the same time, perform the movement with the largest
possible amplitude (slide the platform as far to each
side as possible).
- You will be scored according to how closely you match the
movement with the sound of the metronome in relation to
the amplitude of the movement. The closer the movement
frequency resembles the prescribed frequency and the
larger the amplitude, the higher the score.
- Please raise your arms to a 90 degree angle at the side
of your body and keep them elevated throughout practice
to avoid covering up the reflectant balls.
- You will practice the movement for 1 1/2 minutes and then
rest for 1 1/2 minutes. Please sit down on the designated
chair during the rest period and look at the empty
screen.
- This sequence will be repeated 7 times.
- The experiment takes about 35 minutes.
- If you have questions, please do not hesitate to ask.
Thank you very much for your participation.
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* MOTOR BEHAVIOR LABORATORY * DEPT OF KINESIOLOGY * LSU *
* * POSSIBILITY TO EARN 3 PTS EXTRA COURSE CREDIT * *
In order to serve as a subject in a study investigating a
ski simulator, please understand that we need the following
information. Of course the information will be handled
strictly confidentially. The experiment requires that you
come in FOR 35 MINUTES ON 5 SUCCESSIVE DAYS. In case you
will not be picked as a subject for this study, other
possibilities will be provided to earn extra course credit.
Questionnaire for potential female subjects
1) N a m e :_______________________________________________
2) P h o n e :_____________________
3) A g e :_____________
4) Height:__________
5) Weight:_________
6)

Ihave

been downhill skiing before.............. Yes_______
____________ No_______

7)

Ihave

been waterskiing before..................Yes_______
_________________ No_______

8) I watch films/TV shows on downhill/water skiing ........
Yes, about_____ times a month
No______
9) My preferred times between 7am and 8pm are (please give
several alternatives each day, if possible):
m o :..... t u e :........w e :......

t h u :.....

f r :.....
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* MOTOR BEHAVIOR LABORATORY * DEPT OF KINESIOLOGY * LSU *
Questionnaire
Name:_____________________________ Subject #:_____ Day:_____
Please read the following questions carefully and
answer each with a short statement. Please be as specific
as possible.

1) What were you looking at on watching the demonstration?

2) What were you paying attention to during practice?

3) Other comments:
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* MOTOR BEHAVIOR LABORATORY * DEPT OF KINESIOLOGY * LSU *
Questionnaire
Name:____________________________

Subject #:

Day:____

Please read the following questions carefully and
answer each with a short statement. Please be as specific
as possible.
1) What were you looking at when you watched the
demonstration?

2) What were you paying attention to while you were
practicing?

3) Do you think watching the demonstration helped you
perform this skill? Explain.

4) What aspect of performing this skill did you have
trouble with today?

5) Other comments:

Appendix D
Questionnaire Results

181

182
Table 3
FREQUENCY OF STATEMENTS GIVEN TO THE QUESTION: WHAT DID YOU
PAY ATTENTION TO DURING PRACTICE? FOR THE MODELING AND THE
DISCOVERY LEARNING GROUP (EXPERIMENT 2)
Frequency of Statements
Category

M o d .G r .

Dis. G r .

Movement Goal
amplitude

1

4

frequency

3

4

foot movement

6

8

bending of knees

2

1

upper-lower body coordination

4

1

balance

3

6

weight distribution

3

1

Mechanics
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Table 4
FREQUENCY OF STATEMENTS GIVEN TO THE QUESTION:WHAT ASPECTS
OF THE TASK DID YOU HAVE TROUBLE WITH TODAY? FOR THE
MODELING AND THE DISCOVERY LEARNING GROUP (EXPERIMENT 2)
Frequency of Statements
Category

M o d .G r .

Dis .G r .

amplitude

5

5

frequency

6

7

foot movement

3

2

upper-lower body coordination

1

0

head position

1

0

balance

5

7

Movement Goal

Mechanics
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Table 5
FREQUENCY OF STATEMENTS GIVEN TO THE QUESTION: WHAT WHERE
YOU LOOKING AT WHEN YOU WATCHED THE DEMONSTRATION? FOR THE
MODELING GROUP (EXPERIMENT 2)
Frequency of Statements
Category

M o d .G r .

Coordination
lower-upper body

3

knee-foot

2

hip-knee-foot

1

Body Parts
feet

6

knees

5

back

2

center of body

2
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Table 6
FREQUENCY OF STATEMENTS GIVEN TO THE QUESTION: DO YOU
THINK WATCHING THE DEMONSTRATION HELPED YOU PERFORM
THIS SKILL? FOR THE MODELING GROUP (EXPERIMENT 2)
Frequency of Statements
Category

M o d .G r .

yes,
without the model I wouldn't know
how to move the platform

10

it shows coordination of lower and
upper body

6

I can try to match the model's
movement

2

it shows the form of themovement

2

not much,
now I have an idea of the movement
and must teach my own body
no

1
2
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Table 7
FREQUENCY OF STATEMENTS GIVEN TO THE QUESTION: WHAT DID YOU
PAY ATTENTION TO DURING PRACTICE? FOR THE MODELING -1,
MODELING - 5, AND DISCOVERY LEARNING GROUP (EXPERIMENT 3)
Frequency of Statements
Mod-5

Mod- 1

amplitude

5

3

9

frequency

4

16

18

balance

3

5

1

weight distribution

1

-

-

muscle movements

1

-

-

whole movement

1

-

-

feet

12

4

1

knees

2

2

-

hips

1

1

-

legs

4

2

-

upper body

3

—

—

Category

Dis.Gr.

Movement Goal

Mechanics

Body Parts
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Table 8
FREQUENCY OF STATEMENTS GIVEN TO THE QUESTION: WHAT ASPECT
OF PERFORMING THE SKILL DID YOU HAVE TROUBLE WITH TODAY?
FOR THE MODELING - 1, MODELING - 5, AND DISCOVERY LEARNING
GROUP (EXPERIMENT 3)
Frequency of Statements
Category
None

Mod-5

Mod-1

Dis.Gr.

1

12

6

amplitude

1

-

3

frequency

7

6

12

balance

6

4

7

smoothness

3

-

feet

8

3

hips

1

legs

1

lower body

-

Movement Goal

Mechanics

Body Parts
5

1
2

1
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Table 9
FREQUENCY OF STATEMENTS GIVEN TO THE QUESTION: WHAT WHERE
YOU LOOKING AT WHEN YOU WATCHED THE DEMONSTRATION? FOR THE
MODELING -1 (DAY1) AND MODELING -5 GROUP (EXPERIMENT 3)
Frequency of Statements
Category

Mod-1
Dayl

Mod-5
Dayl

Day2-5

Body Parts
feet

3

3

10

knees

3

1

3

hips

1

1

1

legs

3

3

7

upper body

-

-

4

muscles used

-

-

2

how to start

1

-

-

weight distribution

1

-

-

how model balances

—

—

1

Mechanics
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Table 10
FREQUENCY OF STATEMENTS GIVEN TO THE QUESTION: DO YOU
THINK WATCHING THE DEMONSTRATION HELPED YOU PERFORM THIS
SKILL? FOR THE MODELING -1 (DAY1) AND MODELING -5 GROUP
(EXPERIMENT 3)
Frequency of Statements
Category

Mod-1
Dayl

Mod-5
Dayl

Day2

Yes

5

5

10

Shows what to do

5

4

8

Somewhat

-

-

5

No

-

—

4
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Table 11
EXAMPLES OF SUBJECTS' ACTUAL STATEMENTS FOR EACH CATEGORY
Category

Statement

Movement Goal

"how far I could sway from side to
side"
"the ticker",
"the beat of the metronome"

Mechanics

"I was concentrating on my foot
movement"
"how far I could bend my knees"
"I was trying to keep my balance"

Coordination

"trying to keep my upper body still
while pushing with my legs"

Body Parts

"my legs"
"my feet"
"my feet and ankles"

Appendix E
Means and Standard Deviations
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Table 12
MEAN PLATFORM FREQUENCY FOR THE MODELING AND THE
DISCOVERY LEARNING GROUP (EXPERIMENT 2)
FREQUENCY (Hz)
MODELING GROUP

DISC. LEARN. GROUP

)AY TRIAL

MEAN

SD

MEAN

SD

1
1
1
1
1
2
2
2
3
3
3
3

1.03
. 86
. 84
. 81
. 80
. 83
. 80
. 80
. 81
. 80
. 80
. 80

.40
. 06
. 08
.05
. 09
. 10
. 04
.05
. 04
.05
. 02
. 04

. 71
. 73
. 68
. 66
. 76
. 78
. 75
. 78
. 73
. 71
. 73
. 74

. 23
.2
.16
. 11
.06
.13
. 08
.08
. 05
. 06
.05
.06

1
2
3
4
5(R)
6
7
8
9 (R)
10
11
12
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Table 13
MEAN PLATFORM FREQUENCY FOR THE MODELING - 1, THE MODELING
- 5, AND THE DISCOVERY LEARNING GROUP (EXPERIMENT 3)
FREQUENCY (Hz)

)AY TRIAL
1
1
2
2
3
3
4
4
5
5

1
2
3
4
5
6
7
8
9
10

MODELING-1

MODELING-5

DISC. LEARN

MEAN

SD

MEAN

SD

MEAN

SD

.898
.82
.82
.8
.792
.796
.8
.814
.784
.782

.134
.054
.058
.079
.071
.078
.075
.083
.067
.068

.848
.834
.81
.816
.852
.83
.83
.854
.854
.856

.03
.05
.044
.026
.028
.035
.025
.054
.018

1.128
1.222
1.144
1.188
1.184
1.038
1.016
1.064
1.006
1.002

.524
.412
.435
.478
.464
.368
.344
.375
.371
.376
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Figure 2 2 . Angular displacement of ipsilateral body angles
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the expert model.
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(bottom panels) for the modeling subject
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Figure 2 8 . Angular displacement of left hip vs. left knee
(left panels) and right hip vs. right knee
(right panels) for day 1 (top panels), day 2
(middle panels), and day 3 (bottom panels) for
the modeling subject (experiment 2).
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Figure 68. Angular displacement of left knee (left panels)
and right knee (right panels) vs. platform
displacement for day 1 (top panels), day 3
(middle panels), and day 5 (bottom panels) for
the modeling - 1 subject (experiment 3).
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Figure 69 . Angular displacement of left hip (left panels)
and right hip (right panels) vs. platform
displacement for day 1 (top panels), day 3
(middle panels), and day 5 (bottom panels) for
the modeling - 1 subject (experiment 3).
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Figure 7 0 . Platform displacement (left panels)and platform
velocity (right panels) vs. time for day 1 (top
panels), day 3 (middle panels), and day 5
(bottom panels) for the discovery learning
subject (experiment 3).
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Figure 7 1 . Phase planes of platform displacement vs.
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(middle panel), and day 5 (bottom panel) for the
discovery learning subject (experiment 3).
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Figure 7 2 . Angular displacement of left hip vs. left knee
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Figure 7 3 . Angular displacement of left ankle vs. left knee
(left panels) and right ankle vs. right knee
(right panels) for day 1 (top panels), day 3
(middle panels), and day 5 (bottom panels) for
the discovery learning subject (experiment 3).
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Appendix G
MANOVA Tables
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Table 14
MANOVA TABLE FOR PLATFROM AMPLITUDE AND FREQUENCY FOR
EXPERIMENT 2
df
Group

2,7

6.37

.0266

Day

4.28

26.43

.0001

Group x Day

4.28

.71

.5916

Trial

22.140

20.01

.0001

Group x Trial

22.140

1.15

.2987

256
Table 15
MANOVA TABLE FOR PLATFROM AMPLITUDE AND FREQUENCY FOR
EXPERIMENT 3
df

F

p

Group

4,20

7.88

.0006

Day

8.92

37.44

.0001

Group x Day

16.92

1.38

.1710

Trial

18.116

41.13

.0001

Group x Trial

36.116

3.24

.0001

Appendix H
ANOVA Tables

257

258
Table 16
ANOVA TABLE FOR PLATFROM AMPLITUDE FOR
EXPERIMENT 2
df

F

Group

1,8

.872

.3777

Day

2,16

.22

.8040

Group x Day

2,16

59.38

.0001

Trial

11,8

40.20

0001

Group x Trial

11,8

.29

9866
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Table 17
ANOVA TABLE FOR PLATFROM FREQUENCY FOR
EXPERIMENT 2
df

F

Group

1,8

7.47

.0257

Day

2,16

.22

.8040

Group x Day

2,16

1.60

.2324

Trial

11,8

1.51

.1486

Group x Trial

11,8

1.93

0496
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Table 18
ANOVA TABLE FOR PLATFROM AMPLITUDE FOR
EXPERIMENT 3
df

F

Group

2,12

16.01

.0004

Day

4,48

51.66

.0001

1.26

.2867

84.13

.0001

5.52

.0001

Group

Day

9,12

Trial
Group

8,48

Trial

18,12
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Table 19
ANOVA TABLE FOR PLATFROM FREQUENCY FOR
EXPERIMENT 3
df

F

Group

2,12

2.82

.0995

Day

4,48

1.03

.3998

Group x Day

8,48

.78

.6206

Trial

9,12

1.43

.1956

Group x Trial

18,12

1.25

2537

Appendix I
Computer Program
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DATA TEMP;
INFILE INDATA;
INPUT SUB GROUP TRIAL AMP FREQ;
IF 1 LE TRIAL LE 4 THEN DAY=1;
IF 5 LE TRIAL LE 8 THEN DAY=2;
IF 9 LE TRIAL LE 12 THEN DAY=3;
PROC SORT OUT=SORTl;
BY GROUP SUB DAY TRIAL;
PROC MEANS NOPRINT;
BY GROUP SUB DAY TRIAL;
VAR AMP FREQU;
OUTPUT OUT=MEANl MEAN=SMEAN1-SMEAN2;
DATA MANOVA;SET MEAN1;
PROC ANOVA;
CLASS GROUP SUB DAY TRIAL;
MODEL SMEAN1-SMEAN2=GROUP SUB (GROUP)
DAY GROUP*DAY SUB (GROUP*DAY)
TRIAL GROUP*TRIAL DAY*TRIAL
GROUP*DAY*TRIAL;
MANOVA H=GROUP
E=SUB(GROUP) ;
MANOVA H=DAY GROUP*DAY
E=SUB (GROUP*DAY)
MANOVA H=TRIAL GROUP*TRIAL DAY*TRIAL GROUP*DAY*TRIAL
TEST H=GROUP
E=SUB(GROUP);
TEST H=DAY GROUP*DAY
E=SUB (GROUP*DAY);

Appendix J
Description of the Ski Simulator
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The ski simulator consists of a platform resting on a
pair of rigid, bowed steel rods (Figure Y, Photography).
The platform is attached to the apparatus by two rubber
springs that pull the displaced platform back towards its
resting position in the center of the apparatus. The ski
simulator is a system that behaves like a forced damped
oscillator, where the ski simulator is the oscillator, the
damping is the friction between the platform and the rods,
and the subject represents the external forcing function
which continuously supplies energy to the system. If no
force was supplied to the system, the platform, after being
initially displaced to one side, would oscillate around the
equillibrium position in the elevated center of the
apparatus. Eventually, the amplitude would diminish and go
to zero (Figure X ) .
When force is applied to the platform by means of
slalom-ski type movements, the velocity of the platform is
zero when it is maximally displaced to either side (Figure
W, phase plane of expert). The velocity is at a maximum
when the platform crosses the middle. Around the midpoint,
the derivative of the velocity, the acceleration, is zero,
whereas at the endpoints, the acceleration is at a maximum.
The acceleration is at a maximum at the endpoints because
there, the spring is maximally stretched. The further the
spring is stretched, the stronger is the pulling force.
This can be illustrated with Newton's second law:
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Force = mass x acceleration

(1)

The applied or dominant force is that of the spring.
Therefore,

force can be approximated by

Force = -K X

(2)

where -K is a spring constant and X is the displacement of
the spring. The greater the displacement of the spring, the
greater the force. If the equation is solved for
acceleration
Force/mass = a

(3)

it follows that when the force is at a maximum, the
acceleration must be at a maximum too:
F max/mass = a max

(4)

Expertise is characterized by the ability of the
performer to use the dynamic properties of the apparatus to
his advantage. Lets assume that the platform is maximally
displaced to the left. The springs on the right side do not
just pull the platform back to its initial position in the
center of the ski simulator. The platform is pulled over
the middle position while the velocity decrases. Once it
crosses the equilibrium point, the spring on the left side
becomes stretched.

If no force was exerted, the velocity of

the platform eventually became zero and then negative,
because of the pulling of the springs on the left side.
However, an expert exerts force when the platform has
passed the middle position of the simulator but is still
moving in the same direction with a positive velocity.

Appendix K
Individual Subject Performance
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Table 20
INDIVIDUAL SUBJECT PERFORMANCE
PLATFORM AMPLITUDE (MM), EXPERIMENT 2
MODELING GROUP

ri

1

2

Subject
3

4

5

1
3
5
7

100.60
233.60
419.70
445.40

100.10
146.10
338.00
382.20

316.72
376.30
523.05
494.60

171.82
179.74
318.70
355.97

374.66
529.47
626.37
639.30

1
3
5
7

457.60
533.45
527.60
508.80

443.40
372.70
502.67
516.40

552.70
504.20
541.80
554.50

316.31
302.98
505.23
476.17

671.27
642.91
725.39
726.04

1
3
5
7

513.10
515.00
551.00
433.45

471.40
475.60
550.60
575.30

647.80
542.25
652.90
639.90

518.17
494.08
623.10
521.93

720.56
728.48
803.26
777.36
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Table 21
INDIVIDUAL SUBJECT PERFORMANCE
PLATFROM AMPLITUDE (MM), EXPERIMENT 2
DISCOVERY LEARNING GROUP

Day Trial

6

7

Subject
8

9

10

1
1
1
1

1
3
5
7

100.60
233.60
419.70
445.40

100.10
146.10
338.00
382.20

316.72
376.30
523.05
494.60

171.82
179.74
318.70
355.97

374.66
529.47
626.37
639.30

2
2
2
2

1
3
5
7

457.60
533.45
527.60
508.80

443.40
372.70
502.67
516.40

552.70
504.20
541.80
554.50

316.31
302.98
505.23
476.17

671.27
642.91
725.39
726.04

3
3
3
3

1
3
5
7

513.10
515.00
551.00
433.45

471.40
475.60
550.60
575.30

647.80
542.25
652.90
639.90

518.17
494.08
623.10
521.93

720.56
728.48
803.26
777.36
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Table 22
INDIVIDUAL SUBJECT PERFORMANCE
PLATFORM FREQUENCY (HZ), EXPERIMENT 2
MODELING GROUP

Day Trial

1

2

Subject
3

4

5

1
1
1
1

1
3
5
7

.83
.79
.79
.79

.83
.92
.92
.79

.92
.83
.83
.83

1.75
.92
.92
.88

.83
.83
.75
.75

2
2
2
2

1
3
5
7

.75
.75
.79
.75

.83
.92
.79
.83

.83
.79
.79
.83

.91
.95
.86
.86

.69
.75
.75
.75

3
3
3
3

1
3
5
7

.83
.83
.79
.83

.79
.79
.79
.75

.83
.83
.83
.83

.86
.83
.81
.83

.75
.71
.79
.77
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Table 23
INDIVIDUAL SUBJECT PERFORMANCE
PLATFROM FREQUENCY (H Z ), EXPERIMENT 2
DISCOVERY LEARNING GROUP

ri

6

7

Subject
8

9

10

1
3
5
7

,92
,92
66
58

.33
.42
.42
.50

.75
.70
.83
.75

.75
.75
.75
.71

.83
.87
.75
.75

1
3
5
7

67
67
67
67

.83
1.00
.79
.83

.75
.75
.79
.77

.79
.77
.83
.87

.75
.70
.66
.75

1
3
5
7

66
62
66
66

.75
.75
.71
.77

.75
.72
.75
.83

.79
.77
.79
.83

.69
.68
.75
.70

271

Table 24
INDIVIDUAL SUBJECT PERFORMANCE
PLATFORM AMPLITUDE (MM), EXPERIMENT 3
MODELING-5 GROUP

Dav Trial

1

2

Subject
3

4

5

1
1

1
7

115.90
552.10

84.80
343.20

85.70
648.80

152.30
676.50

117.30
515.00

2
2

1
7

509.70
543.40

391.00
485.60

478.00
583.60

691.40
666.80

568.00
577.10

3
3

1
7

550.70
553.00

436.30
530.80

529.70
733.50

748.00
695.00

567.50
692.70

4
4

1
7

573.50
559.11

445.60
487.80

589.40
740.50

727.00
651.70

639.10
659.30

5
5

1
7

550.20
549.80

477.80
550.30

676.50
721.10

705.30
692.00

629.10
601.50
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Table 25
INDIVIDUAL SUBJECT PERFORMANCE
PLATFORM AMPLITUDE (MM) , EXPERIMENT 3
MODELING-1 GROUP

Day Trial

6

7

Subject
8

9

10

1
1

101.00
521.90

182.30
574.00

84.30
738.90

98.20
551.80

211.60
559.90

2
2

482.20
561.60

563.00
673.90

608.30
675.60

447.20
638.20

543.20
599.30

3
3

566.70
537.40

675.30
652.70

706.80
653.60

605.80
644.70

657.80
646.40

4
4

587.80
620.60

735.10
699.30

725.00
744.00

608.70
660.00

604.30
579.00

5
5

654.10
609.30

712.20
748.90

697.60
762.00

596.00
712.30

525.10
573.80
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Table 26
INDIVIDUAL SUBJECT PERFORMANCE
PLATFORM AMPLITUDE (MM), EXPERIMENT 3
DISCOVERY LEARNING GROUP

Day Trial

11

12

Subject
13

14

15

1
1

1
7

125.70
192.10

5.30
110.80

24.50
163.60

147.30
121.10

168.30
314.70

2
2

1
7

196.80
236.90

134.70
231.80

141.00
378.10

154.70
139.20

350.90
456.30

3
3

1
7

178.60
124.90

174.70
275.00

326.60
539.00

191.00
145.30

402.80
470.80

4
4

1
7

127.30
129.80

245.00
399.30

516.20
593.10

170.80
195.90

468.30
531.40

5
5

1
7

128.70
163.30

369.20
378.90

568.70
677.70

222.00
145.70

566.70
575.60
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Table 27
INDIVIDUAL SUBJECT PERFORMANCE
PLATFORM FREQUENCY (HZ), EXPERIMENT 3
MODELING-5 GROUP

Dav Trial

1

2

Subject
3

4

5

1
1

1
7

.90
.86

.85
.88

.83
.85

.83
.75

.83
.83

2
2

1
7

.78
.82

.86
.83

.83
.83

.75
.77

.83
.83

3
3

1
7

.88
.83

.85
.83

.88
.83

.82
.83

.83
.83

4
4

1
7

.88
.88

.83
.83

.83
.85

.78
.88

.83
.83

5
5

1
7

.89
.85

.83
.83

.93
.86

.81
.86

.81
.88
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Table 28
INDIVIDUAL SUBJECT PERFORMANCE
PLATFORM FREQUENCY (H Z ), EXPERIMENT 3
MODELING-1 GROUP

Day Trial

6

7

Subject
8

9

10

1
1

1
7

1.08
.90

.79
.80

.83
.75

1.00
.83

.79
.82

2
2

1
7

.79
.88

.80
.79

.75
.67

.88
.83

.88
.83

3
3

1
7

.83
.88

.83
.79

.67
.67

.84
.83

.79
.81

4
4

1
7

.83
.88

.80
.83

.67
.67

.85
.86

.85
.83

5
5

1
7

.78
.85

.81
.79

.67
.67

.83
.78

.83
.82
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Table 29
INDIVIDUAL SUBJECT PERFORMANCE
PLATFORM FREQUENCY (HZ), EXPERIMENT 3
DISCOVERY LEARNING GROUP

Day Trial

11

12

Subject
13

14

15

1
1

1
7

1.70
1.75

1.25
.86

.33
1.00

1.42
1.58

.94
.92

2
2

1
7

1.75
1.75

.86
.87

.78
.82

1.46
1.67

.87
.83

3
3

1
7

1.79
1.05

.88
.87

.81
.77

1.58
1.67

.86
.83

4
4

1
7

.88
1.19

.86
.83

.83
.83

1.63
1.67

.88
.80

5
5

1
7

.85
.88

.83
.88

.85
.78

1.67
1.67

.83
.80
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